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Here  lies  the  reflection  of  your  good 
judgement.  In  recognizing  that  your 
patients  rely  upon  the  most  qualified 
clinical  decisions,  Nellcor  Puritan 
Bennett  brings  you  effective  informa- 
tion tools  for  making  them  with  confi- 
dence and  clarity. 

Introducing  new  trending  parameters 
for  the  7250  Metabolic  Monitor 

Together,  with  the  7200"  Series 
Ventilator,  they  comprise  a  ventilatory 
system  that  gives  you  more  than  respi- 
ratory and  metabolic  data.  It  gives  you 
the  means  to  look  beyond  the  surface 
to  evaluate  a  patient's  status  at  a  glance. 


According  to  Dr.  C.  Price,  M.D.,  CM., 

F.R.C.P.  and  Gail  Lang,  RRT,  of  Credit 

Valley  Hospital  in  Ontario  Canada, 

"In  our  opinion,  the  7250 
Metabolic  Monitor  provided  an 

accurate  assessment  of  our 
patient's  nutritional  requirements 

and  assisted  us  in  making  the 

necessary  adjustments  to  quickly 

wean  him  from  the  ventilator." 

We  even  make  continuous  trending 
look  easy.  With  the  new  Graphics  2.0 
software  option,  you  can  opt  for  a 
breath-by-breath  display  of  metabolic 
parameters  like  O2  consumption,  CO2 
production,  respiratory  quotient  and 


Willi  the  new  7250  Mcliiholic  Monitor 
iiikI  (imphics2.0,  trending pnranictcrs 
null  (IS  VO,  clearly  show  your  patient's 
response  to  decreased  venlilatory  support 
during  weaning. 


energy  expenditure.  So  you  won't 
waste  your  own  energy  attempting  to 
estimate  the  complete  daily  nutri- 
tional picture  from  inconclusive  spot 
checks. 

See  your  patients  more  clearly 

To  find  out  more  about  our  "New 

Tools  for  Greater  Insight,"  contact  the 

world's  leading  supplier  of  ventilator 

systems.  Call  Nellcor  Puritan  Bennett 

at     800-255-6773  (U.S.A.) 

44-181-577-1870  (Europe) 

619-929-4551     (Far  East/ 

Latin  America) 


NELLCOR 
PURITAN 
BENNETT 
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Positive  Outcomes  with  Positive  Closure"  Contest 


Share  your  expertise  utilizing  the  "positive  closure"  Passy-Muir  Speaking  Valves  with  your  ventilator 
dependent  patients.  You  could  win  an  opportunity  for  you,  your  patient  and/or  your  department  to  be 
featured  in  a  full  page  color  advertisement  in  a  national  respiratory  journal,  as  well  as  a  $250  scholarship  to 
the  CEU  program  of  your  choice  and  Passy-Muir  Ventilator  Speaking  Valves  for  your  department  or  facility. 

Positive  Closure  Design 

The  Passy-MuirTrachcostotny  Speaking  Valves  are  designed  for  comnninication  for  trachcostoinized  and  ventilator  dependent  patients.  They 
arc  the  only  one-way  vahes  that  have  positive  closure.  The  \al\es  stay  closed,  except  when  the  patient  inhales,  providing  a  positive  seal  with 
no  air  leak  on  expiration.  Positi\e  closure  pro\ides  significant  benefits  over  open-position  one-way  valves  because  it  promotes  a  "closed 
system"  which  restores  the  patient's  airway  to  a  more  normal  physiology.  This  facilitates  improvement  in  swallowing,  secretion  management, 
restoration  of  physiologic  PEEP,  and  speech;  voice  production.  Positive  closure  also  creates  a  protectixe  column  of  air  in  tlie  tracheoslomv  tube 
to  resist  secretions  from  coming  up  the  tube  into  the  \alvc. 

Rules 

1 .  Entries  must  be  submitted  by  practicing  respiratory  therapists  and  submission  should  be  a  maximum  of  250  typewritten  words.  Please  include  names  of  the  patient, 
respiratory  therapist,  facility,  address,  phone  and  fax  number  Submission  should  describe  in  adequate  detail  a  success  story  (hat  you  had  woilcing  with  a  ventilator 
dependent  patient  and  the  Passy-Muir  Valve  (e.g.  weaning,  decannulalion.  swallowing,  quality  of  life). 

2.  Submit  a  photograph(s)ofyoutxelfand'oryourslaft"withyourpalient  wearing  the  Pas.sy-Muir  Valve.  Passy-Muir  Inc.  will  mail  or  fax  photo  comi;'-t-'^n'-o"ifiT'ii 

3.  us  participants  only.  Entries  must  be  received  no  later  than  January  31, 19%.  Winner  will  be  notified  by  Febniary  1996. 


Please  contact  us  for  a  free  clinical  video,  a  Continuing  Education  Seminar  schedule  and/or  if  you  have  never  used  the  Passy-Muir  Valve  and  would 
like  a  sample.  Passy-Muir  Inc.  452 1  Campus  Drive.  Suite  273.  Irvine.  California  927 15  (714)  833-8255  •  (800)  634-5397  •  FAX  (714)  833-8299. 
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NAEP  Adult 

Emergency 

Guidelines:^ 

PEFR  40-70% 
of  predicted 
value  after 
4  hrs  tx  in  ER. 
Consider 
hospitalization. 


Don't 
guess. 

Assess. 


Rapid  initiation  and  close  monitoring  of  therapy  are  vital  to 
successful  ER  management  of  severe  asthma.'  That's  w^hy 
the  ASSESS®  Peak  Flow  Meter  should  be  a  vital  part  of  ' 
youi"  armamentarium.  ASSESS  lets  you  — 

Measure  airway  obstruction  easily, 
accurately,  cost-effectively. 

Peak  expiratory  flow  rate  (PEFR)  provides  an  objective, 
clinically  relevant  measurement  of  airflow  —  at  a  fraction 
of  the  cost,  bulk,  and  inconvenience  of  conventional 
spirometiy."  And  when  seconds  count,  you  can  count  on 
ASSESS  to  deliver  those  measurements  with  superior 
accuracy  and  reproducibility.'^ 

Evaluate  response  to  therapy  and 
need  for  hospitalization. 

How  is  your  patient  doing?  What  should  you  be  doing? 
From  initial  presentation  through  discharge,  the  rugged, 
compact  ASSESS  gives  you  the  hard  data  you  need  —  as 
often  as  you  need  it — to  help  you  make  informed  treatment 
decisions  in  line  with  NAEP  recommendations." 

Help  prevent  future  acute  exacerbations. 

Patients  don't  come  back  when  theii"  maintenance  therapy 
stays  on  track.  Keep  it  on  track  with  ASSESS  —  and  a 
regular  progi-am  of  PEFR  monitoring  at  home,  work,  or 
school  —  as  a  routine  part  of  your  discharge  orders. 

For  more  information  about  how  ASSESS  can  help 
you  deliver  better  asthma  cai-e,  call  HealthScan 
Products  at  1-800-962-1266. 
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LOW  RANGE 
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Tell  Your  Paitentb 
Nor  To  Hurry  Back. 


Introducing  The  Pulsair'\5  Liquid 
OxTGEN  Portable  From  DeVilbiss. 

Now  your  patients  can  enjoy  a  relaxing  visit 
with  tneir  rriends  ana  ramily,  take  a 
leisurely  stroll  or  an  unnurrietl  snoppini;   4l 
trip  without  having  to  worry  ahout 
n.mning  out  or  oxygen. 

The  compact  Pulsair.5  weighs  jusl 
over  6  pounds  when  lull,  ^et,  it 
provides  over  10  hours  or 
oxygen  at  2  liters  per  minute* 
giving  your  patients  the  longest 
u<e  lime  or  any  comparably-sized 
unit  on  the  market  today. 

Featuring  proven  PulseI)ose'^'o.\ygen 
deliver}'  technology,  ihe  unit  senses  the  precise 


moment  or  inspiration  arrd  delivers  the 
prescribed  volume  or  oxygen  on  the  leading 
edge  or  every  breathing  cycle— the  very  nroment 
j^^     it  is  clinically  needed. 

^The  Pulsair.5  not  only  lets  yoiu- 
patieirts  go  mr'ther  berore  rerilling,  it 
;  '     lets  you  go  longer  between  deliveries. 
i        baving  you  time  and  money.  And, 
-      with  several  cryogenic  coupler  styles 
available,  the  Pulsair.5  is  compatible 
with  nrost  liquid  oxygerr  systems. 
Por  more  inlornratiorr  about  the 
Piusair.5  Licpiid  Oxygen  Poi-table, 
call   l-800-DeV-1988rin  Canada,  call 
l-800-.?63-3390.  Then  get  ready  to  send 
voui"  |")alients  ot^  ibeir  wav. 


HilsejDose 

On  (lematifi from  DeVilhiss. 


'20  hrc'■^l^^  per  niinuli.' 


DeVILBISS 
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Abstracts 
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P.ditorials,  Commentaries,  and  Reviews  To  Note 

Smoking  and  Health:  Physician  Responsibility  A  Statement  of  the  Joint  Committee  on 
Smoking  and  Health  (special  report) — American  College  of  Chest  Physicians;  American  Tho- 
racic Society;  Asia  Pacific  Society  of  Respirology;  Canadian  Thoracic  Society;  European  Respi- 
ratory Society;  and  International  Union  Against  Tuberculosis  and  Lung  Disease.  Chest 
1995;I08(4):1 118-1 121. 

A.ssessment  of  Asthma  in  the  Workplace  (statement) — Chair:  M  Chan-Yeung.  Chest 
1995;1()8(4):1084-1117. 

The  Challenge  of  Tuberculosis:  Statements  on  Global  Control  and  Prevention  (statement) — 
DA  Enarson,  J  Grosset.  A  Mwinga,  ES  Hershfield.  R  O'Brien,  S  Cole,  L  Reichman.  and 
finalized  by  conference  participants,  Washington  DC,  Sept  U-l.*),  1995.  Lancet  1995;.''46:8()9. 

Towards  the  Elimination  of  Tuberculosis  (editorial) — R  Horton.  Lancet  1995;346:790. 

Standardization  of  Spirometry,  1994  Update  (statement) — The  American  Thoracic  Society 
Committee  on  Proficiency  Standards  for  Clinical  Pulmonary  Function  Laboratories.  Am  J  Respir 
CritCare  1995;I52;1 107-1 136. 


Continuing  Patient  Care  with  Metered-Dose 
Inhalers — A  Woodcock.  J  Aerosol  Med  1995;8 
(Suppl2);S-5. 

International  guidelines  recommend  inhaled  ther- 
apy over  oral  therapy  for  asthma  because  of  greater 
efficacy  and  safety.  Metered-dose  inhalers  (MDIs) 
are  the  delivery  system  of  choice  for  the  major- 
ity of  patients  with  asthma.  They  have  been  well 
tried  and  tested  and  proven  to  be  safe,  reliably  de- 
livering a  reproducible  and  precise  dose,  and  ac- 
count for  85%  of  the  400  million  inhalers  currently 
sold  worldwide.  Current  products  using  chloro- 
fluorocarbon  (CFC)  1 1/12  as  the  propellant  are 
being  reformulated.  Under  the  Montreal  Proto- 
col, CFCs  arc  to  be  phased  out  worldwide,  though 
MDIs  have  been  granted  temporary  exemption, 
thus  far  until  1997.  Two  propellant.s,  hydrofluoro- 
alkane  (HFA)  1 34a  and  227,  have  been  identified 
by  the  pharmaceutical  industry  to  replace  CFCs. 
However,  they  have  different  properties  and  re- 
formulation has  been  difficult  in  relation  to  sur- 
factants, valves  and  elastomeric  seals.  The  man- 
ufacturing pnKCss  has  been  re-engineered  to  take 
place  at  high  pressure,  because  at  nomial  pressure 
HFA  l.Wa  is  a  gas,  in  contrast  with  CFC  1 1  which 
is  a  liquid  at  rtxim  temperature.  Glaxo  has  carried 
out  an  extensive  toxicological  assessment  of  HFA 
134a  and  thorough  clinical  testing  has  shown  it 
to  be  well  tolerated.  To  dale  they  have  carried  out 
safely  and  efficacy  testing  on  reformulations  of 
salbutamol,  salinelerol,  and  fluticasone  propionate 


(FP),  Single-do.se  studies  of  salbutamol,  2(X)  fug, 
with  HFA  134a  have  been  shown  to  provide  equiv- 
alent protection  against  bronchial  provocation  by 
histamine  in  both  adults  and  children  with  asth- 
ma when  compared  with  the  currently  available 
CFC  preparations.  In  a  subsequent  4-week  study, 
both  formulations  had  similar  effects  on  morn- 
ing peak  How  and  the  patients  helic\ed  that  the 
2  preparations  were  equivalent.  Single  doses  of 
salmelerol,  50 /Jg  and  100  pg,  provide  equal  pro- 
tection against  bronchial  provocation  by  metha- 
choline  compared  with  the  respective  dose  of  the 
cuiTent  CFC  formulation.  A  4-week  study  com- 
paring both  preparations  showed  equivalent  ef- 
fect with  similar  improvements  in  morning  peak 
flow  for  both  preparations.  A  double-blind  study 
has  compared  FP,  250  ^g  twice  daily,  with  HFA 
134a  and  the  current  CFC  formulation  in  mod- 
erate asthmatics  prc\  iously  taking  up  lo  S(l(l  /jg 
aday  of  inhaled  corticosicroid.  Morning  peak  How 
improved  by  approximately  20  IVmin  in  both  ta'at- 
nient  groups.  Monitoring  of  adverse  events  and 
clinical  and  laboratory  test  data  has  shown  a  very 
similar  profile  for  safety  and  tolerability  of  HFA 
1 34a  formulations  when  compared  with  current 
CFC  formulations,  with  no  new  or  unexpected  ad- 
verse events  in  over  2,000  patients.  Both  pro- 
pellants  will  be  available  during  the  transition  pe- 
riod. Doctors  and  patients  will  continue  to  see  the 
need  for  MDIs  and  tliey  will  remain  the  most  wide- 
ly used  delivery  system  for  asihnta  Iherapy  into 
the  next  millennium. 


Ambient  Air  Pollution  and  Hospitalization  for 
Congestive  Heart  Failure  among  Elderly  Peo- 
ple in  Seven  Large  US  Cities — RD  Moms, 
EN  Naumova,  RL  Munasinghe.  Am  J  Public 
Health  1995;85(10):136I. 

OBJECTIVES:  Preexisting  data  sets  were  used 
to  investigate  the  association  between  hospital  ad- 
missions for  congesti\  e  heart  failure  and  air  pol- 
lutants. METHODS:  Medicare  hospital  admissions 
data,  ambient  air  pollution  monitoring  data,  and 
meteorological  data  were  used  to  create  daily  val- 
ues of  hospital  admissions  for  congestive  heart 
failure,  maximum  hourly  temperature,  and  max- 
imum hourly  levels  of  carbon  monoxide,  nitro- 
gen dioxide,  sulfur  dioxide,  and  ozone.  Data  were 
compiled  for  each  of  7  cities  (Chicago,  Detroit, 
Houston,  Los  Angeles,  Milwaukee,  New  York, 
and  Philadelphia)  for  1986  tlirough  1989.  Single- 
pollulant  and  multipollutant  models  with  ad- 
justments for  temperature,  seasonal  effects,  and 
weekly  cycles  were  used  in  conducting  negative 
binomial  regression  analyses.  RESULTS:  Am- 
bient carbon  monoxide  levels  were  positively  as- 
sociated with  hospital  admissions  for  congestive 
heart  failure  in  the  single-pollutant  and  multi- 
pollutant  models  for  each  of  ttie  7  cities.  The  rela- 
tive risk  of  hospital  admission  for  congestive  heart 
failure  associated  with  an  increase  of  10  ppm  in 
carbon  monoxide  ranged  from  1 .  1 0  in  New  York 
lo  1  37  in  Los  Angeles.  CONCLUSIONS:  Hos- 
pital admissions  for  congestive  heart  failure  ex- 
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hibited  a  consistent  association  with  daily  vari- 
ations in  ambient  carbon  monoxide.  This  asso- 
ciation was  independent  of  season,  temperature, 
and  other  major  gaseous  pollutants. 

Mullidru^-Resistant  Tuberculosis  in  Patients 
»ithuut  Hl\'  Infection — EE  Telzak.  K  Scpko- 
witz,  P  Alpert,  S  Mannheimer,  F  Medard,  W  El- 
Sadr,  S  Blum.  A  Gagliardi,  N  Salomon.  G  Turett. 
N  Engl  J  Med  1995;333(  14):907. 

BACKGROUND:  Investigations  of  outbreaks  of 
multidrug-resistant  tuberculosis  have  found  low 
'  rates  of  treatment  response  and  very  high  mor- 
tality, and  they  have  mainly  involved  patients  with 
advanced  human  immunodeficiency  vims  (HIV) 
infection.  For  patients  without  HIV  infection.  1 
study  reported  an  overall  rate  of  response  to  tfeat- 
menl  o{5b9c,  and  the  mortality  from  tuberculo- 
sis was  229c.  We  investigated  treatment  response 
and  mortality  rates  in  26  HIV-negative  patients 
in  New  York  with  multidrug-resistant  tuberculosis. 
METHODS:  We  obtained  detailed  data  from  7 
teaching  hospitals  in  New  York  City  on  patients 
with  multidrug-resistant  tuberculosis — defined  as 
tuberculosis  resistant  at  least  to  isoniazid  and  ri- 
fampin— who  were  HIV-negalive  on  serologic 
testing.  Lengths  of  times  from  diagnosis  to  the  ini- 
tiation of  appropriate  therapy  and  from  the  ini- 
tiation of  appropriate  therapy  to  conversion  to  neg- 
ative cultures  were  assessed.  Therapeutic  responses 
were  evaluated  by  both  microbiologic  and  clin- 
ical criteria.  RESULTS:  Between  March  1991  and 
September  1994,  26  HIV-negative  patients  were 
identified  and  treated.  Of  the  25  patients  for  whom 
adequate  data  were  available  for  analy.sis,  24  (96%) 
had  clinical  responses:  all  1 7  patients  for  whom 
data  on  microbiologic  response  were  available  had 
such  a  response.  The  median  times  from  diagnosis 
to  the  Initiation  of  appropriate  therapy  and  from 
the  initiation  of  therapy  to  culture  conversion  were 
44  days  (range,  0  to  181 )  and  69  days  (range,  2 
to  705),  respectively.  Side  effects  requiring  the 
discontinuation  of  medication  occurred  in  4  of  23 
patienLs  (17%)  who  were  tfeated  with  second-line 
antituberculosis  medications.  The  median  follow- 
up  for  the  23  patients  who  responded  and  who  re- 
ceived appropriate  therapy  was  91  weeks  (range. 
41  to  225).  CONCLUSIONS:  In  this  report  from 
New  York  City.  HIV-negative  patients  with  multi- 
drug-resistant tuberculosis,  contrary  to  previous 
reports,  responded  well  to  appropriate  chemother- 
apy, both  clinically  and  microbiologically. 

Physical  Properties  of  Aeri>s<ili/ed  linmuno- 
l>lobulin  for  Inhalation  Therapy — PC  Rimens- 
berger.  C  Roth.  J  Aerosol  Med  1995;8(3):255. 

Animal  studies  suggest  that  passive  immuniza- 
tion by  Intratracheal  application  of  gammaglob- 
ulins may  succeed  in  treating  small  children  and 
infant.s  with  severe  lower  respiratory  u-act  infection 
caused  by  respiratory  syncytial  virus  (RSV).  Since 
proteins  foam  easily  when  stirred  up  or  used  with 


compressed  air,  the  feasibility  of  nebulization  of 
the  immunoglobulin  solution  (IVIG,  Sando- 
globulin" )  had  to  be  tested.  The  therapeutic  ef- 
fect of  a  drug  delivered  via  inhalation  is  propor- 
tional to  the  mass  of  aerosol  deposited  in  the  lungs. 
For  a  fixed  breathing  pattern,  the  amount  deposited 
per  unit  of  time  in  the  thoracic  region  depends  on 
mass  flowrate  and  distribution  of  aerosol  mass  by 
droplet  size.  Both  these  variables  were  detemiincd 
in  relation  to  the  weight  concentration  (osmolality ). 
viscosity,  and  surface  tension  of  the  IVIG  solu- 
tion for  4  compressed  air  nebulizers.  The  mass 
flowrate  of  the  spray  decreases  as  the  weight  con- 
centration of  the  solution  increases,  but  droplet 
size  distribution  does  not  change.  If  the  IVIG  so- 
lution does  not  exceed  5%  and  the  airflow  rate  is 
6  L/min,  a  mass  flow  of  about  150  mg  to  250  mg 
(7.5  to  12.5  mg  IVIG)  per  minute  is  obtained,  de- 
pending on  the  physical  characteristics  of  the  neb- 
ulizer used.  Low  mass  median  diameter  of  about 
2  pm  and  a  mass  distribution  with  a  high  per- 
centage of  the  droplets  below  6  jjm  will  allow  op- 
timum intrapuhiionary  deposition  in  infants. 

The  Effectiveness  of  Vaccination  against  In- 
fluenza    in     Healthy.    Working    Adults — 

KL  Nichol.  A  Lind.  KL  Margolis,  M  Murdoch. 
R  McFadden.  M  Hauge.  S  Magnan.  M  Drake. 
N  Engl  J  Med  1995:333(  14):S89. 

BACKGROUND:  Altliough  intluenza  causes  sub- 
stantial morbidity  and  mortality  in  all  age  groups, 
current  recommendations  emphasize  annual  im- 
munization for  people  at  high  risk  for  compli- 
cations of  influenza.  We  conducted  a  double-blind, 
placebo-controlled  trial  of  vaccination  against  in- 
fluenza in  healthy,  working  adults.  METHODS: 
In  the  fall  of  1994,  we  recruited  working  adults 
from  18  to  64  years  of  age  from  in  and  around  (he 
Minneapolis-St  Paul  area  and  randomly  assigned 
them  to  receive  either  influenza  vaccine  or  place- 
bo injections.  The  primary  study  outcomes  in- 
cluded upper  respiratory  illnesses,  absenteeism 
from  work  because  of  upper  respiratory  illness- 
es, and  visits  to  physicians"  offices  for  upper  res- 
piratory illnesses.  The  economic  benefits  of  vac- 
cination were  analyzed  by  estimating  the  direct 
and  indirect  costs  associated  with  immunization 
and  with  upper  respiratory  illnesses.  RESULTS: 
We  enrolled  a  total  of  849  subjects.  Baseline  char- 
acteristics were  similar  in  the  2  groups.  During 
the  follow-up  period,  consisting  of  the  1 994- 1 995 
Inlluenza  season  (December  1,  1994.  through 
M;irch  31,  1995),  those  who  received  the  vaccine 
reported  259r  fewer  episodes  of  upper  respiratory 
illness  than  those  who  received  the  placebo  (105 
vs  140  episodes/ 100  subjects,  p  <  0.001 ),  437r 
fewer  days  of  sick  leave  from  work  due  to  upper 
respiratory  illness  (70  vs  1 22  days/ 100  subjects, 
p  =  0.001 ).  and  44%  fewer  visits  to  physicians" 
offices  for  upper  respiratory  illnesses  (3 1  vs  55 
visits/100  subjects,  p  =  0.004).  The  cost  savings 
were  estimated  to  be  $46.85/pcrson  vaccinated. 
CONCLUSIONS:  Vaccination  against  inlluen- 


za  has  substantia!  health-related  and  economic  ben- 
efits for  healthy,  working  adults.  See  the  related 
ecliloiial:  Influenza  Vaccine  for  Healthy 
Adults?— PA  Patriaicu.  RA  Strikas.  N EnglJ Med 

Delivery  and  Retention  of  an  Insulin  Aerosol 
Produced  by  a  New  Jet  Nebulizer — J  Jendle, 
BE  Karlberg,  J  Persliden.  L  Fninzen,  M  Arborelius 
Jr.  J  Aerosol  Med  1995:8(3):243. 

This  study  describes  the  delivery  and  distribution 
of  an  aerosol  generated  by  a  jet  nebulizer 
(MAXIN*)  in  an  experimental  animal  model. 
Anesthetized,  intubated  and  ventilated  piglets  in- 
haled radiolabeled  technetium  dlethylenetrlamine- 
penta-acetic  acid  ('"""Tc-DTPA)  through  the  en- 
dotracheal tube.  The  lungs  were  excised  en  bloc 
and  scintigraphed,  using  a  computerized  gamma 
camera  to  evaluate  the  pattern  of  distribution.  By 
nebulizing  radiolabeled  '-^I-insulin  and  comparing 
the  activity  deposited  on  inspiratory  and  expiratory 
electrostatic  filters,  delivery  and  retention  of  neb- 
ulized insulin  was  assessed.  The  distribution  of 
aerosol  in  the  lungs  was  very  even  and  reached 
the  most  peripheral  parts.  The  delivery  of  nebu- 
lized insulin  was  calculated  to  be  88.9  ±  5.3%  and 
36. 1  ±  8.8%  of  the  insulin  delivered  to  the  res- 
piratory tract  was  retained.  The  immediate  local 
effects  of  insulin  aerosol  administration  on  the 
lungs  were  evaluated  using  light  microscopy.  No 
adverse  effects  were  observed  at  histopatholog- 
ic examination  of  the  lung  tis.sue.  CONCLUSION: 
This  study  shows  a  high  penetration  of  aerosol  to 
the  peripheral  parts  of  the  lung  and  efficient  de- 
livery of  nebulized  insulin  when  using  the 
MAXIN-nebulizer. 

Bacterial  Pneumonia  in  Persons  Infected  with 
the     Human     Immunodeficiency     Virus — 

RE  Hirschtlck.  J  Glassroth.  MC  Jordan,  TC  Wil- 
cosky,  JM  Wallace,  PA  Kvale,  N  Markowitz, 
MJ  Rosen,  BT  Mangura.  PC  Hopewell,  the  Pul- 
monary Complications  of  HIV  Infection  Study 
Group.  N  Engl  J  Med  I995;333(13):845. 

BACKGROUND:  Patients  with  human  immuno- 
deficiency virus  (HIV)  infection  are  at  increased 
risk  for  bacterial  pneumonia  in  addition  to  op- 
portunistic infection.  However,  the  risk  factors 
for  bacterial  pneumonia  and  its  incidence  in  this 
populallon  are  not  well  defined.  METHODS:  In 
a  multicenter.  prospective,  observational  study, 
we  monitored  1,130  HIV-positive  and  I67HIV- 
negative  participating  adults  for  up  to  64  months 
for  pulmonary  disease.  The  HIV-positive  group 
comprised  814  homosexual  or  bisexual  men,  261 
injection  drug  users,  and  55  female  partners  of 
HIV-infected  men.  RESULTS:  There  were  237 
episodes  of  bacterial  pneumonia  among  the  HIV- 
positive  participants  (rate,  5.5/l(X)  person-years), 
as  compiuicd  with  6  episodes  among  the  HIV-neg- 
ative participants  (rate,  0.9/ l(X)  person-years:  p  < 
0.(K)1 ).  The  rate  of  bacterial  pneumonia  increa.sed 
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with  decreasing  CD4-lymphocy!e  counts  (2.3. 6.8. 
and  10.8  episodes/ 100  person-years  in  the  stra- 
ta tt  illi  more  than  5(X).  2(K)  to  5Q0.  and  fewer  than 
200  cells/mm',  respectively;  p  <  0.022  tor  eacli 
comparison).  Injection-drug  users  had  a  higher 
rate  of  bacterial  pneumonia  than  did  homosex- 
ual or  bisexual  men  or  female  partners.  In  the  stra- 
tum with  the  fewest  CD4  lymphocytes,  cigarette 
smoking  was  associated  with  an  increased  rate 
of  pneumonia.  Mortality  was  almost  4  times  high- 
er among  participants  with  an  episode  of  pneu- 
monia than  among  the  others.  Prophylaxis  with 
trimethoprim-sulfamethoxazole  was  associated 
with  a  67%  reduction  in  confirmed  episodes  of 
bacterial  pneumonia  (p  =  0.007).  CONCLU- 
SIONS: Bacterial  pneumonia  is  more  frequent  in 
HIV-positive  persons  than  in  seronegative  con- 
trols, and  the  risk  is  highest  among  those  with 
CD4-lymphocyte  counts  below  200/mm'  and 
among  injection-drug  users. 

Noninvasive  Ventilation  for  Acute  Exacer- 
bations of  Chronic  Obstructive  Pulmonary  Dis- 
ease— L  Brochard.  J  Mancebo.  M  Wysocki.  F  Lo- 
faso.  G  Conti,  A  Rauss.  G  Simonneau,  S  Beni- 
to. A  Gasparetto.  F  Lemaire.  D  Isabey.  A  Harf. 
N  Engl  J  Med  1995:333(13):817. 

BACKGROUND:  In  patients  with  acute  exac- 
erbations of  chronic  obstructive  pulmonary  dis- 
ease, noninvasive  ventilation  may  be  used  in  an 
attempt  to  avoid  endotracheal  intubation  and  com- 
plications a-ssociated  with  mechanical  ventilation. 
METHODS:  We  conducted  a  prospective,  ran- 
domized study  comparing  noninvasive  pressure- 
support  ventilation  delivered  through  a  face  mask 
with  standard  treatment  in  patients  admitted  to  5 
intensive  care  units  over  a  1 5-month  period.  RE- 
SULTS: A  total  of  85  patients  were  recruited  from 
a  larger  group  of  275  putienis  w  uh  chronic  ob- 
structive pulmonary  disease  admitted  to  the  in- 
tensive care  units  in  the  same  period.  A  total  of 
42  were  randomly  assigned  to  standard  therapy 
and  43  to  noninvasive  ventilation.  The  2  groups 
had  similar  clinical  characteristics  on  admission 
to  the  hospital.  The  use  of  noninvasive  ventila- 
tion significantly  reduced  the  need  for  endotra- 
cheal intubation  ( which  was  dictated  by  objective 
criteria):  1 1  of  43  patients  I26'7r)  in  the  nonin- 
vasive-venlilation  group  were  intubated,  as  com- 
pared with  3 1  of  42  (74%)  in  the  standard-treat- 
ment group  (p  <  0.(K)1 ).  In  addition,  the  fre<.|uency 
of  complications  was  significantly  lower  in  the 
noninva.sive-ventilation  group  (16%  vs  48%.  p  = 
0.(K)1 ),  and  the  mean  (+SD)  hospital  stay  was  sig- 
nificantly shorter  for  patients  receiving  noninvasive 
ventilation  (23  ±  17  days  vs  35  ±  33  days,  p  = 
0.005).  The  in-hospiial  mortality  rate  was  also  sig- 
nificantly reduced  with  noninvasive  ventilation 
(4  of  43  patients,  or  9%,  in  the  noninvasive-ven- 
lilation  group  died  in  the  hospital,  as  compared 
with  1 2  of  42,  or  29%.  in  the  standard-treatment 
group;  p  =  0.02).  CONCLUSIONS:  In  selected 
patients  with  acute  exacerbations  of  chronic  oh 


structive  pulmonary  disease,  noninvasive  venti- 
lation can  reduce  the  need  for  endotracheal  in- 
tubation, the  length  of  the  hospital  stay,  and  the 
in-hospital  mortality  rate.  Sec  the  rekiled edilo- 
riiil:  Noninvasive  Venlilalion  in  Chronic  Ob- 
structive Pulmonary  Disease — MW Elliort.  N  Eiiiil 
J  Med  l995:.i3M  /J):,S70-N7I. 

Hyperbaric  Oxygen  Treatment  for  Haemor- 
rhagic  Radiation  Cystitis — RFM  Bevers. 
DJ  Bakker,  KH  Kurth.  Lancet  1995:346:803. 

Radiation-induced  severe  haemorrhagic  cystitis 
is  difficult  to  treat.  Conventional  treatments  may 
decrease  haematuria  but  do  not  affect  the  radio- 
cystitis  itself  Hyperbaric  oxygen  treatment  has 
been  reported  to  do  both.  We  report  the  results  of 
a  prospective  study  of  hyperbaric  oxygen  (20  ses- 
sions of  100%  oxygen  inhalation  at  3  bar  for  90 
min  in  a  multiplace  hyperbaric  chamber)  to  40  pa- 
tients with  biopsy-proven  radiation  cystitis  and 
severe  haematuria.  Haematuria  disappeared  com- 
pletely or  improved  in  37  patients  after  treatment. 
Mean  follow-up  was  23. 1  months  (range  1-74); 
and  the  recurrence  rate  was  0. 1 2/year.  There  were 
no  adverse  effects.  Hyperbaric  oxygen  treatment 
should  be  considered  for  patients  with  severe  ra- 
diation-induced haematuria. 

Are  Asthma-Like  Symptoms  Due  to  Bronchial 
or   Extrathoracic   Airway   Dysfunction? — 

C  Bucca,  G  Rolla,  L  Brussino,  V  De  Rose,  M  Bu- 
giani.  Lancet  1995:346:791. 

Patients  with  asthma-like  symptoms  may  not  have 
asthma  but  obstruction  of  the  extrathoracic  air- 
way (EA).  To  evaluate  if  dysfunction  of  the  EA 
causes  asthma-like  symptoms,  we  assessed  bronch- 
ial and  EA  responsiveness  to  inhaled  histamine 
in  441  patients  who  presented  with  at  least  I  of 
3  key  symptoms — cough,  wheeze,  dyspnoea — 
but  had  neither  documented  asthma  nor  bronchial 
obstruction.  The  histamine  concentrations  caus- 
ing a  20%  fall  in  forced  expiratory  volume  in  1 
second  (PCjoFEVi )  and  a  25%  fall  in  maximal 
mid-inspiratory  flow  (PC15MIF50)  were  used  as 
respective  thresholds  of  bronchial  and  EA  re- 
sponsiveness. Values  8  mg/niL  or  less  indicated 
bronchial  (B-HR)  or  EA  hyper-responsiveness 
(EA-HR).  The  influence  of  concurrent  upper  res- 
piratory tract  diseases,  such  as  post-nasal  drip 
(PND).  pharyngitis,  laryngitis  and  sinusitis,  was 
also  assessed.  We  found  4  response  patterns  to  the 
histamine  challenge:  EA-HR  in  26.5%  of  the  pa- 
tients. B-HR  in  11.1%.,  combined  EA-HR  and 
B-HR  in  40.6%.  iuid  no-HR  in  21.8%.  Cough  was 
reported  by  79%i  of  the  patients,  wheeze  by  53% , 
and  dyspnoea  by  40% .  Patients  with  cough  as  the 
sole  presenting  symptom  (34.2%).  as  compared 
with  those  with  wheeze  and/or  dyspnoea  (209'('), 
had  significantly  greater  probability  of  having 
EA-HR  (OR  5,35, 95%  CI  3.25-8.82)  and  lower 
probability  of  having  B-HR  (OR  0.45.  CI  0.28- 
0  70);  patients  with  cough  plus  wheeze  and/or  dys- 


pnoea (45.8%)  had  significantly  greater  proba- 
bility of  having  both  EA-HR  and  B-HR  than  ei- 
ther those  with  cough  alone  (OR  2.48.  CI  1 .49- 
4.13).  or  those  with  wheeze  and/or  dyspnoea  but 
notcough(OR  1.74.  CI  I. .16-2.22).  EA-HR  alone 
or  combined  with  B-HR  was  strongly  associat- 
ed with  EA  diseases,  particularly  pharyngitis  and 
PND.  Cough  was  significantly  associated  with 
PND.  either  when  it  was  the  sole  symptom  (OR 
2. 16.  CI  1 .  14-4.09)  or  when  it  was  combined  with 
wheeze  and/or  dyspnoea  (OR  3.53,  CI  1.97-6.33). 
Our  results  suggest  that  exu-athoracic  airway  dys- 
function may  account  for  asthma-like  symptoms, 
particularly  chronic  cough.  This  abnormality  seems 
to  be  sustained  by  chronic  diseases  of  the  upper 
respiratory  tract. 

Genetic  Susceptibility  to  Asthma — Bronchial 
Hyperresponsiveness  Coinherited  with  a  Major 
Gene  for  Atopy — DS  Postma.  ER  Bleecker, 
PJ  Amelung.  KJ  Holroyd.  J  Xu.  CIM  Panhuysen, 
DA  Meyers,  RC  Levitt.  N  Engl  J  Med  1995:333 
(14):894. 

BACKGROUND:  Bronchial  hypenresponsiveness, 
a  risk  factor  for  asthma,  consists  of  a  heightened 
bronchoconstrictor  response  to  a  variety  of  stim- 
uli. The  condition  has  a  heritable  component  and 
is  closely  related  to  serum  IgE  levels  and  airway 
infiammation.  The  basis  for  these  relations  is  un- 
known, as  is  the  mechanism  of  genetic  suscepti- 
bility to  bronchial  hyperresponsiveness.  We  at- 
tempted to  define  the  interrelation  between  atopy 
and  bronchial  hyperresponsiveness  and  to  inves- 
tigate the  chromosomal  location  of  this  component 
of  asthma.  METHODS:  We  studied  303  children 
and  grandchildren  of  84  probands  with  asthma  se- 
lected from  a  homogeneous  population  in  the 
Netherlands.  Ventilatory  function,  bronchial  re- 
sponsiveness to  histamine,  and  scmm  total  IgE  were 
measured.  The  association  between  the  last  2  vari- 
ables was  evaluated.  Using  analyses  involving  pairs 
of  siblings,  we  tested  for  linkage  between  bronchial 
hypenresponsiveness  and  genetic  markers  on  chro- 
mosome 5q3  l-q33.  previously  shown  to  be  linked 
to  a  genetic  locus  regulating  serum  total  IgE  lev- 
els. RESULTS:  Semm  total  IgE  levels  were  strong- 
ly correlated  ( r  =  0.65.  p  <  0.0 1 )  in  pairs  of  siblings 
concordant  for  bronchial  hyperresponsiveness  (de- 
fined as  a  >  20%  decrease  in  the  forced  expu-atory 
\()lumc  in  I  second  proiluccd  hy  histamine  [tliresh- 
old  dose.  <  16  mg/niL|).  suggesting  lh;il  these  miiLs 
are  coinherited.  Howcx  cr.  broncliial  h)  penespon- 
siveness  was  not  correlated  with  serum  IgE  lev- 
els (r  =  0.04,  p>0. 10).  Analysesof  pairs  of  sib- 
lings showed  linkage  of  bronchial  hyperrespon- 
siveness with  several  genetic  markers  on 
chromosome  5q,  including  D5S436  (p <  0.001  for 
a  histamine  threshold  value  of  <  16  mg/niL).  CON- 
CLUSIONS: This  study  demonstrates  that  a  trail 
for  an  elevated  level  of  serum  total  IgE  is  coin- 
herited with  a  trait  for  bronchial  hyperrespon- 
siveness ;md  tliat  a  gene  governing  bronchial  hyper- 
responsiveness is  located  near  a  major  locus  that 
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BRIEF  SUMMARY 


Serevent® 

(salmeterol  xinafoate) 
Inhalation  Aerosol 

Bronchodilator  Aerosol 
For  Oral  Inhalation  Only 

The  following  is  a  brief  summary  only.  Before  prescribing,  see  complete  prescribing  information  in 
Serevent*  Inhalation  Aerosol  product  labeling 

CONTRAINDICATIONS:  Serevenf-  Inhalation  Aerosol  is  contraindicated  in  patients  with  a  history  of 
hypersensitivity  to  any  of  the  components, 

WARNINGS: 

IMPORTANT  INFORMATION:  SEREVENT^  INHALATION  AEROSOL  SHOULD  NOT  BE  INITIATED  IN 
PATIENTS  WITH  SIGNIFICANTLY  WORSENING  OR  ACUTELY  DETERIORATING  ASTHMA,  WHICH 
MAY  BE  A  LIFE-THREATENING  CONDITION.  Serious  acute  respiratory  events,  iticluding  fatali- 
ties, have  been  reported,  both  in  the  US  and  worldwide,  when  Serevent  Inhalation  Aerosol 
has  been  initiated  in  this  situation. 

Although  it  is  not  possible  from  these  reports  to  determine  whether  Serevent  Inhalation 
Aerosol  contributed  to  these  adverse  events  or  simply  failed  to  relieve  the  deteriorating 
asthma,  the  use  of  Serevent  Inhalation  Aerosol  in  this  setting  is  inappropriate. 

SEREVENT  INHALATION  AEROSOL  SHOULD  NOT  BE  USED  TO  TREAT  ACUTE  SYMPTOMS.  It  is 
crucial  to  inform  patients  of  this  and  prescribe  a  short-acting,  inhaled  betaa-agonist  for  this 
purpose  as  well  as  warn  them  that  increasing  inhaled  betaa-agonist  use  is  a  signal  of  dete- 
riorating asthma. 

SEREVENT  INHALATION  AEROSOL  IS  NOT  A  SUBSTITUTE  FOR  INHALED  OR  ORAL  CORTICO- 
STEROIDS. Corticosteroids  should  not  be  stopped  or  reduced  when  Serevent  Inhalation 
Aerosol  is  initiated. 

(See  PRECAUTIONS:  Information  for  Patients  section  of  the  full  prescribing  information 
and  the  separate  PATIENT'S  INSTRUCTIONS  FOR  USE  leaflet.) 

1  Do  Not  Introduce  Serevent  Inhalation  Aerosol  as  a  Treatment  for  Acutely  Deterioratino  Asthma: 
Serevent  Inhalation  Aerosol  is  intended  for  the  maintenance  treatment  of  asthma  (see  INDICATIONS 
and  USAGE  section  ol  the  lull  prescribing  information)  and  should  not  be  introduced  in  acutely  dete- 
riorating asthma,  which  is  a  potentially  life-threatening  condition  There  are  no  data  demonstrating 
that  Serevent  Inhalation  Aerosol  provides  greater  efficacy  than  or  additional  efficacy  to  short-acting, 
inhaled  betaragonists  in  patients  with  worsening  asthma.  Serious  acute  respiratory  events,  includ- 
ing fatalities,  have  been  reported,  both  in  the  US  and  worldwide,  in  patients  receiving  Serevent 
Inhalation  Aerosol.  In  most  cases,  these  have  occurred  in  patients  with  severe  asthma  (eg, 
patients  with  a  history  of  corticosteroid  dependence,  low  pulmonary  function,  intubation,  mechani- 
cal ventilation,  frequent  hospitalizabons.  or  previous  life-threatening  acute  asthma  exacerbations) 
and/or  in  some  patients  in  whom  asthma  has  been  acutely  deteriorating  (eg.,  unresponsive  to 
usual  medications,  increasing  need  for  inhaled  short-acting  beta^-agonlsts,  increasing  need  for  sys- 
temic corticosteroids,  significant  increase  in  symptoms,  recent  emergency  room  visits,  sudden  or 
progressive  deterioration  in  pulmonary  function).  However,  they  have  occurred  in  a  few  patients 
with  less  severe  asthma  as  well  It  was  not  possible  from  these  reports  to  determine  whether 
Serevent  Inhalation  Aerosol  contributed  to  these  events  or  simply  failed  to  relieve  the  deteriorating 
asthma. 

2.  Do  Not  Use  Serevent  Inhalation  Aerosol  to  Treat  Acute  Symptoms:  A  short-acting,  inhaled  beta?- 
agonist,  not  Serevent  Inhalation  Aerosol,  should  be  used  to  relieve  acute  asthma  symptoms.  When 
prescribing  Serevent  Inhalation  Aerosol,  the  physician  must  also  provide  the  pahent  with  a  short- 
acting,  inhaled  betaj-agonist  (eg.,  albuterol)  for  treatment  of  symptoms  that  occur  acutely,  despite 
regular  twice  daily  (morning  and  evening)  use  of  Serevent  Inhalation  Aerosol 

When  beginning  treatment  with  Serevent  Inhalation  Aerosol,  patients  who  have  been  taking  short- 
acting,  inhaled  beta2-agonists  on  a  regular  basis  (eg,  q  i  d )  should  be  instructed  to  discontinue  the 
regular  use  of  these  drugs  and  use  them  only  tor  symptomatic  relief  if  they  develop  acute  asthma 
symptoms  while  taking  Serevent  Inhalation  Aerosol  (see  PRECAUTIONS:  Information  for  Patients). 

3.  Watch  for  Increasing  Use  of  Short-Acbno,  Inhaled  Beta;-Aaonists,  Which  Is  a  Marker  of 
Deteriorating  Asthma:  Asthma  may  deteriorate  acutely  over  a  period  of  hours  or  chronically  over 
several  days  or  longer  If  the  patient's  short-acbng,  inhaled  beta2-agonist  becomes  less  effective  or 
the  patient  needs  more  inhalations  than  usual,  this  may  be  a  marker  of  destabilization  of  asthma  In 
this  setting,  the  pahent  requires  immediate  re-evaluation  with  reassessment  of  the  treatment  regi- 
men, giving  special  consideration  to  the  possible  need  for  corticosteroids  If  the  patient  uses  four  or 
more  inhalations  per  day  of  a  short-acting,  inhaled  beta2-agonist  for  2  or  more  consecutive  days,  or 
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if  more  than  one  canister  (200  inhalations  per  canister)  of  short-acting,  inhaled  beta^-agonist  is  used 
in  an  8-week  period  in  coniunction  with  Serevent  inhalation  Aerosol,  then  the  patient  should  consult 
the  physician  for  re-evaluation  Increasing  the  daily  dosage  of  Serevent  Inhalation  Aerosol  in  this 
situation  is  not  appropriate,  Serevent  Inhalation  Aerosol  should  not  be  used  more  frequently 
than  twice  daily  (morning  and  evening)  at  the  recommended  dose  of  two  inhalations. 

4.  Do.Not  Use  Serevent  Inhalation  Aerosol  as  a  Substitute  lor  Oral  or  Inhaled  {Corticosteroids;  There 
are  no  data  demonstrating  that  Serevent  Inhalation  Aerosol  has  a  clinical  anti-inflammatory  effect 
and  could  be  expected  to  take  the  place  ol.  or  reduce  the  dose  ol  corticosteroids  Patients  who 
already  require  oral  or  inhaled  corticosteroids  for  treatment  of  asthma  should  be  continued  on  this 
type  of  treatment  even  if  they  feel  better  as  a  result  of  initiating  Serevent  Inhalation  Aerosol.  Any 
change  in  corticosteroid  dosage  should  be  made  ONLY  after  clinical  evaluation  (see  PRECAUTIONS: 
Information  for  Pahents) 

5,  Do  Not  Exceed  Recommended  Dosage  As  with  other  inhaled  beta^-adrenergic  drugs,  Serevent 
Inhalation  Aerosol  should  not  be  used  more  often  or  at  higher  doses  than  recommended  Fatalihes 
have  been  reported  in  association  with  excessive  use  of  inhaled  sympathomimetic  drugs.  Large 
doses  ol  inhaled  or  oral  salmeterol  (12  to  20  times  the  recommended  dose)  have  been  associated 
with  clinically  significant  prolongation  of  the  QT  interval,  which  has  the  potential  for  producing  ven- 
tricular arrhythmias 

6  Paradoxical  Bronchosoasm:  As  with  other  inhaled  asthma  medication,  paradoxical  bron- 

chospasm  (which  can  be  life  threatening)  has  been  reported  following  the  use  ol  Serevent 

Inhalation  Aerosol  If  it  occurs,  treatment  with  Serevent  Inhalation  Aerosol  should  be  discontinued 

immediately  and  alternative  therapy  instituted 

7,  Immediate  Hypersensitivity  Reachons:  Immediate  hypersensitivity  reactions  may  occur  after 

administration  of  Serevent  Inhalation  Aerosol,  as  demonstrated  by  rare  cases  of  urticaria, 

angioedema,  rash,  and  bronchospasm. 

8  Upper  Airway  Symptoms:  Symptoms  of  laryngeal  spasm,  irritation,  or  swelling,  such  as  stridor 

and  choking,  have  been  reported  rarely  in  patients  receiving  Serevent  Inhalation  Aerosol 

PRECAUTIONS: 

General:  1  Use  With  Spacer  or  Other  Devices:  The  safety  and  effectiveness  of  Serevenf*  Inhalation 

Aerosol  when  used  with  a  spacer  or  other  devices  have  not  been  adequately  studied 

2  Cardiovascular  and  Other  Effects:  No  effect  on  the  cardiovascular  system  is  usually  seen  after 
the  administration  of  inhaled  salmeterol  in  recommended  doses,  but  the  cardiovascular  and  central 
nervous  system  effects  seen  with  all  sympathomimetic  drugs  (e  g  ,  increased  blood  pressure,  heart 
rate,  excitement)  can  occur  after  use  of  Serevent  Inhalation  Aerosol  and  may  require  discontinuation 
of  the  drug  Salmeterol,  like  all  sympathomimetic  amines,  should  be  used  with  caution  in  patients 
with  cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac  arrhythmias,  and  hyperten- 
sion, in  patients  with  convulsive  disorders  or  thyrotoxicosis,  and  in  patients  who  are  unusually 
responsive  to  sympathomimetic  amines 

As  has  been  described  with  other  beta-adrenergic  agonist  bronchodilators,  clinically  significant 
changes  in  systolic  and/or  diastolic  blood  pressure,  pulse  rate,  and  electrocardiograms  have  been 
seen  infrequently  in  individual  patients  in  controlled  clinical  studies  with  salmeterol 

3.  Metabolic  Effects:  Doses  of  the  related  beta2-adrenoceptor  agonist  albuterol,  when  adminis- 
tered intravenously,  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoacido- 
sis No  effects  on  glucose  have  been  seen  with  Serevent  inhalation  Aerosol  at  recommended  doses. 
Administration  of  beta2-adrenoceptor  agonists  may  cause  a  decrease  in  serum  potassium,  possibly 
through  intracellular  shunting,  which  has  the  potenhal  to  increase  the  likelihood  ol  arrhythmias  The 
decrease  is  usually  transient,  not  requiring  supplementation. 

Clinically  signihcant  changes  in  blood  glucose  and/or  serum  potassium  were  seen  rarely  during 
clinical  studies  with  long-term  administration  of  Serevent  Inhalation  Aerosol  at  recommended  doses. 
Information  for  Patients:  See  illustrated  Patient's  Instructions  for  Use  leaflet,  SHAKE  WELL 
BEFORE  USING 

It  is  important  that  patients  understand  how  to  use  Serevent  Inhalation  Aerosol  appropriately  and 
how  it  should  be  used  in  relation  to  other  asthma  medications  they  are  taking.  Patients  should  be 
given  the  following  information: 


Shake  well  before  using 


ling)  should  not  be 


3.  Serevent  Inhalation  Aerosol  is  not  meant  to  relieve  acute  asthma  symptoms  and  extra  doses 
should  not  be  used  for  that  purpose.  Acute  symptoms  should  be  treated  with  a  short-acting, 
inhaled  beta2-agonist  such  as  albuterol  (the  physician  should  provide  the  patient  with  such  med- 
ication and  instruct  the  patient  in  how  it  should  be  used) 

4  The  physician  should  be  notified  immediately  if  any  of  the  following  situations  occur,  which  may 
be  a  sign  of  seriously  worsening  asthma. 

•  Decreasing  effectiveness  of  short-acting,  inhaled  beta2-agonists 

•  Need  for  more  inhalations  than  usual  of  short-acting,  inhaled  beta2-agonists 

•  Use  of  four  or  more  inhalations  per  day  of  a  short-acting  beta2-agonist  for  2  or  more  days 
consecutively 

•  Use  of  more  than  one  canister  of  a  short-acting,  inhaled  beta2-agonist  in  an  8-week  period 
(i,e ,  canister  with  200  inhalations) 

5.  Serevent  Inhalation  Aerosol  should  not  be  used  as  a  substitute  for  oral  or  inhaled  corticosteroids. 
The  dosage  of  these  medications  should  not  be  changed  and  they  should  not  be  stopped  without 
consulting  the  physician,  even  if  the  patient  feels  better  after  initiating  treatment  with  Serevent 
Inhalation  Aerosol. 

6,  Pahents  should  be  cauhoned  regarding  potenhal  adverse  cardiovascular  effects,  such  as  palpita- 
tions or  chest  pain,  related  to  the  use  of  additional  beta2-agonist, 

7  In  patients  receiving  Serevent  Inhalahon  Aerosol,  other  inhaled  medications  should  be  used  only 

as  directed  by  the  physician 

8,  When  using  Serevent  Inhalahon  Aerosol  to  prevent  exercise-induced  bronchospasm,  pahents 

should  take  the  dose  at  least  30  to  60  minutes  before  exercise. 

Drug  Interactions:  Short-Acting  Beta-Agonists:  In  the  two  3-month,  repetihve-dose  clinical  trials 

(n=184),  the  mean  daily  need  for  addibonal  beta2-agonist  use  was  1  to  IV:  inhalations  per  day,  but 

some  patients  used  more.  Eight  percent  of  patients  used  at  least  eight  inhalations  per  day  at  least 

on  one  occasion.  Six  percent  used  9  to  12  inhalations  at  least  once  There  were  15  patients  (8%) 

who  averaged  over  four  inhalations  per  day  Four  of  these  used  an  average  of  8  to  1 1  inhalations 

per  day  In  these  1 5  patients  there  was  no  observed  increase  in  frequency  of  cardiovascular  adverse 
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events.  The  safety  of  concomitant  use  ol  more  ttian  eigtit  inhalations  per  day  of  short-acting 
betaj-agonists  with  Serevent  Inhalation  Aerosol  has  not  been  established.  In  15  patients  who  expe- 
rienced worsening  of  asthma  while  receiving  Serevent  Inhalation  Aerosol,  nebulized  albuterol  (one 
dose  in  most)  led  to  improvement  in  forced  expiratory  volume  in  1  second  (FEV,)  and  no  Increase  in 
occurrence  of  cardiovascular  adverse  events. 

Monoamine  Oxidase  Inhibitors  and  Tricyclic  Antidepressants:  Salmeterol  should  be  adminis- 
tered with  extreme  caution  to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic 
antidepressants  because  the  action  of  salmeterol  on  the  vascular  system  may  be  potentiated  by 
these  agents 

Corticosteroids  and  Cromoglycate:  In  clinical  trials,  inhaled  corticosteroids  and/or  inhaled  cro- 
molyn sodium  did  not  alter  the  safety  profile  of  Serevent  Inhalation  Aerosol  when  administered  con- 
currently. 

Mel/iy/xan(/i/nes;The  concurrent  use  of  intravenously  or  orally  administered  methylxanthines 
(e.g..  aminophylline.  theophylline)  by  patients  receiving  Serevent  Inhalation  Aerosol  has  not  been 
completely  evaluated.  In  one  clinical  trial.  87  patients  receiving  Serevent  Inhalation  Aerosol  42  meg 
twice  daily  concurrently  with  a  theophylline  product  had  adverse  event  rates  similar  to  those  in  71 
patients  receiving  Serevent  Inhalation  Aerosol  without  theophylline  Resting  heart  rates  were  slightly 
higher  in  the  patients  on  theophylline  but  were  little  affected  by  Serevent  Inhalation  Aerosol  therapy 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility:  In  an  18-month  oral  carcinogenicity  study 
in  CD-mice,  salmeterol  xinafoate  caused  a  dose-related  increase  in  the  incidence  of  smooth  muscle 
hyperplasia,  cystic  glandular  hyperplasia,  and  leiomyomas  of  the  uterus  and  a  dose-related  increase 
in  the  incidence  of  cysts  in  the  ovaries  A  higher  incidence  o(  leiomyosarcomas  was  not  statistically 
significant,  tumor  findings  were  observed  at  oral  doses  of  1  4  and  10  mg/kg,  which  gave  9  and  63 
times,  respectively,  the  human  exposure  based  on  rodent  human  AUC  comparisons 

Salmeterol  caused  a  dose-related  increase  in  the  incidence  of  mesovarian  leiomyomas  and  ovar- 
ian cysts  in  Sprague  Dawley  rats  in  a  24-month  inhalation/oral  carcinogenicity  study  Tumors  were 
observed  in  rats  receiving  doses  of  0  68  and  2  58  mg/kg  per  day  (about  55  and  215  limes  the  rec- 
ommended clinical  dose  Img/m-])  These  findings  in  rodents  are  similar  to  those  reported  previously 
for  other  beta-adrenergic  agonist  drugs  The  relevance  of  these  findings  to  human  use  is  unknown 

No  significant  effects  occurred  in  mice  at  0.2  mg/kg  (1 .3  times  the  recommended  clinical  dose 
based  on  comparisons  ot  the  AUCs)  and  in  rats  at  0.21  mg/kg  (15  times  the  recommended  clinical 
dose  on  a  mg/m-  basis). 

Salmeterol  xinafoate  produced  no  detectable  or  reproducible  increases  in  microbial  and  mam- 
malian gene  mutation  in  vitro.  No  blastogenic  achvity  occurred  in  vitro  in  human  lymphocytes  or  in 
mo  in  a  rat  micronucleus  test  No  effects  on  fertility  were  identihed  in  male  and  female  rats  treated 
orally  with  salmeterol  xinafoate  at  doses  up  to  2  mg/kg  orally  (about  160  times  the  recommended 
clinical  dose  on  a  mg/m'  basis) 

Pregnancy:  Teratogenic  Effects:  Pregnancy  Category  C:  No  significant  effects  of  maternal  expo- 
sure to  oral  salmeterol  xinafoate  occurred  in  the  rat  at  doses  up  to  the  equivalent  of  about  160 
times  the  recommended  clinical  dose  on  a  mg/m-  basis.  Dutch  rabbit  fetuses  exposed  to  salmeterol 
xinafoate  in  ulero  exhibited  effects  characteristically  resulting  from  beta-adrenoceptor  stimulation; 
these  Included  precocious  eyelid  openings,  cleft  palate,  sternebral  fusion,  limb  and  paw  flexures. 
and  delayed  ossification  of  the  frontal  cranial  bones  No  significant  effects  occurred  at  0  6  mg/kg 
given  orally  (12  times  the  recommended  clinical  dose  based  on  comparison  of  the  AtJCs) 

New  Zealand  White  rabbits  were  less  sensitive  since  only  delayed  ossification  of  the  frontal 
bones  was  seen  at  10  mg/kg  given  orally  (approximately  1.600  times  the  recommended  clinical 
dose  on  a  mg/m-  basis)  Extensive  use  of  other  beta-agonists  has  provided  no  evidence  that  these 
class  effects  in  animals  are  relevant  to  use  in  humans  There  are  no  adequate  and  well-controlled 
studies  with  Serevent  Inhalation  Aerosol  in  pregnant  women  Serevent  Inhalation  Aerosol  should  be 
used  during  pregnancy  only  if  the  potential  benefit  justifies  the  potential  risk  to  the  fetus 

Use  in  Labor  and  Delivery:  There  are  no  well-controlled  human  studies  that  have  investigated 
effects  of  salmeterol  on  preterm  labor  or  labor  at  term  Because  of  the  potential  for  beta-agonist 
interference  with  uterine  contractility,  use  of  Serevent  Inhalation  Aerosol  during  labor  should  be 
restricted  to  those  patients  in  whom  the  benefits  clearly  outweigh  the  risks 

Nursing  Mothers:  Plasma  levels  of  salmeterol  after  inhaled  therapeutic  doses  are  very  tow  (85  to 
200  pg/mL)  in  humans  In  lactating  rats  dosed  with  radiolabeled  salmeterol,  levels  ol  radioactivity 
were  similar  in  plasma  and  milk  In  rats,  concentrations  of  salmeterol  in  plasma  and  milk  were  sim- 
ilar The  xinafoate  moiety  is  also  transferred  to  milk  in  rats  at  concentrations  of  about  half  the  corre- 
sponding level  in  plasma  However,  since  there  is  no  experience  with  use  of  Serevent  Inhalation 
Aerosol  by  nursing  mothers,  a  decision  should  be  made  whether  to  discontinue  nursing  or  to  dis- 
continue the  drug,  taking  into  account  the  importance  of  the  drug  to  the  mother  Caution  should  be 
exercised  when  salmeterol  xinafoate  is  administered  to  a  nursing  woman 

Pediatric  Use:  The  safety  and  effectiveness  of  Serevent  Inhalation  Aerosol  In  children  younger  than 
12  years  of  age  have  not  been  established 

Geriatric  Use:  01  the  total  number  ol  patients  who  received  Serevent  Inhalation  Aerosol  in  all  clini- 
cal studies,  241  were  65  years  and  older  Geriatric  patients  (65  years  and  older)  with  reversible 
obstructive  airway  disease  were  evaluated  in  four  well-controlled  studies  of  3  weeks'  to  3  months' 
duration  Two  placebo-controlled,  crossover  studies  evaluated  hwice-daily  dosing  with  salmeterol  for 
21  to  28  days  in  45  patients  An  additional  75  geriatric  patients  were  treated  with  salmeterol  for  3 
months  in  two  large  parallel-group,  multicenter  studies  These  120  patients  experienced  increases 
in  AM  and  PlVt  peak  expiratory  (low  rate  and  decreases  in  diurnal  variation  in  peak  expiratory  flow 
rate  similar  to  responses  seen  in  the  total  populations  of  the  two  latter  studies  The  adverse  event 
type  and  frequency  in  geriatric  patients  were  not  different  from  those  ol  the  total  populations  stud- 
ied. 

No  apparent  diflerences  in  the  efficacy  and  safety  of  Serevent  Inhalation  Aerosol  were  observed 
when  geriatric  patients  were  compared  with  younger  patients  in  clinical  trials  As  with  other 
betaj-agonisls.  however,  special  caution  should  be  observed  when  using  Serevent  Inhalation 
Aerosol  in  elderly  patients  who  have  concomitant  cardiovascular  disease  that  could  be  adversely 
affected  by  this  class  ol  drug  Based  on  available  data,  no  adjustment  ol  salmeterol  dosage  in  geri- 
atric patients  is  warranted, 

ADVERSE  REACTIONS:  Adverse  reactions  to  salmeterol  are  similar  in  nature  to  reactions  to  other 
selective  belaj-adrenoceptor  agonists,  i.e.,  tachycardia;  palpitations;  immediate  hypersensitivity 
reactions,  including  urticaria,  angioedema.  rash,  bronchospasm  (see  WARNINGS);  headache;  tremor, 
nervousness,  and  paradoxical  bronchospasm  (see  WARNINGS) 

Two  multicenter.  12-week,  controlled  studies  have  evaluated  twice-daily  doses  ol  Serevent'"' 
Inhalation  Aerosol  in  patients  12  years  ol  age  and  older  with  asthma.  The  following  table  reports  the 
incidence  of  adverse  events  in  these  h«o  studies 


Serevent   (salmeterol  xinafoate)  Inhalation  Aerosol 

Adverse  Experience  Incidence  in  Two  Large  12-Week  Clinical  Trials* 


Adverse  Event  Type 

Percent  ol  Patients                                  | 

Placebo 

Serevent 

Albuterol 

n=187 

42mcgbid  n=184 

180  mcgq.i.d-n=185 

Ear,  nose,  and  throat 

Upper  respiratory 

tract  infection 

13 

14 

16- 

Nasopharyngitis 

12 

14 

11 

Disease  of  nasal 

cavity/sinus 

4 

1 

Sinus  headache 

2 

<1 

Gastrointestinal 

Stomachache 

0 

0 

Neurological 

Headache 

23 

28 

27 

Tremor 

2 

3 

Respiratory 

Cough 

6 

3 

Lower  respiratory 

infection 

2 

2 

'  The  only  adverse  experience  classified  as  serious  was  one  case  of  upper  respiratory  tract  infection  in  a 
patient  treated  with  albuterol, 

Ttie  table  above  includes  all  events  (whether  considered  drug  related  or  nondrug  related  by  the 
investigator)  that  occurred  at  a  rate  of  over  3%  in  the  Serevent  Inhalation  Aerosol  treatment  group 
and  were  more  common  in  the  Serevent  Inhalation  Aerosol  group  than  in  the  placebo  group. 

Pharyngitis,  allergic  rhinitis,  dizziness/giddiness,  and  influenza  occurred  at  3%  or  more  but  were 
equally  common  on  placebo  Other  events  occurring  in  the  Serevent  Inhalation  Aerosol  treatment 
group  at  a  frequency  of  1%  to  3%  were  as  follows 

Cardiovascular  Tachycardia,  palpitations 

Ear,  Nose,  and  Throat:  Rhinitis,  laryngitis. 

Gastrointestinal:  Nausea,  viral  gastroenteritis,  nausea  and  vomiting,  diarrhea,  abdominal  pain. 

Hypersensitivity:  Urticaria. 

Mouth  and  Teeth:  Dental  pain 

Musculoskeletal:  Pain  in  joint,  back  pain,  muscle  cramp/contraction,  myalgia/myositis,  muscular 
soreness 

Neurological:  Nervousness,  malaise/fatigue. 

ffesp/rato/y- Tracheitis/bronchitis, 

Skin:  Rash/skin  eruption. 

Urogenital:  Dysmenorrhea, 

In  small  dose-response  studies,  tremor,  nervousness,  and  palpitations  appeared  to  be  dose  related. 
Postmarketing  Experience;  In  extensive  US  and  worldwide  postmarketing  experience,  serious 
exacerbations  of  asthma,  including  some  that  have  been  fatal,  have  been  reported  In  most  cases. 
these  have  occurred  in  patients  with  severe  asthma  and/or  in  some  patients  in  whom  asthma  has 
been  acutely  deteriorating  (see  WARNINGS  no  1).  but  they  have  occurred  in  a  few  patients  with 
less  severe  asthma  as  well.  It  was  not  possible  from  these  reports  to  determine  whether  Serevent 
Inhalation  Aerosol  contributed  to  these  events  or  simply  failed  to  relieve  the  detenorating  asthma. 

Postmarketing  experience  includes  rare  reports  of  upper  airway  symptoms  of  laryngeal  spasm. 
irritation,  or  swelling,  such  as  stridor  and  choking. 

OVERDOSAGE:  Overdosage  with  salmeterol  may  be  expected  to  result  in  exaggeration  of  the 
pharmacologic  adverse  effects  associated  with  beta-adrenoceptor  agonists,  including  tachycardia 
and/or  arrhythmia,  tremor,  headache,  and  muscle  cramps.  Overdosage  with  salmeterol  can  lead  to 
clinically  significant  prolongation  of  the  OTc  interval,  which  can  produce  ventricular  arrhythmias. 
Other  signs  of  overdosage  may  include  hypokalemia  and  hyperglycemia. 

In  these  cases,  therapy  with  Serevenf'  Inhalation  Aerosol  and  all  beta-adrenergic-stimulant 
drugs  should  be  stopped,  supportive  therapy  provided,  and  judicious  use  of  a  beta-adrenergic 
blocking  agent  should  be  considered,  bearing  in  mind  the  possibility  that  such  agents  can  produce 
bronchospasm  Cardiac  monitoring  is  recommended  in  cases  of  overdosage 

As  with  all  sympathomimetic  pressunzed  aerosol  medications,  cardiac  arrest  and  even  death 
may  be  associated  with  abuse  of  Serevent  Inhalation  Aerosol, 

Rats  and  dogs  survived  the  maximum  practicable  inhalation  doses  of  salmeterol  of  2,9  and 
0.7  mg/kg,  respectively  The  maximum  nonlethal  oral  doses  in  mice  and  rats  were  approximately 
150  mg/kg  and  >1,000  mg/kg,  respectively. 

Dialysis  is  not  appropriate  treatment  for  overdosage  of  Serevent  Inhalation  Aerosol, 
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open  her  airways  and  help  open  up 
her  life,  with  SEREVENT 


In  patients  with  asthma, 
SEREVENT  is  designed  to 
prevent  bronchospasm 


SEREVENT  is  indicated  for  maintenance 
treatment  of  astlima  and  prevention  of 
bronchospasm  in  patients  12  years  of  age 
and  older  wift^  reversible  obstructive 
airvi/ay  disease,  including  patients  vv/fh 
symptoms  of  nocturnal  asttima,  wt^o 
require  regular  treatment  with  Inhaled, 
short-acting  B2-agonists. 

Dosing  should  be  two  puffs  (42  ijg)  of 
SEREVENT  twice  daily,  morning  and 
evening,  approximately  12  hours  apart. 

IMPORTANT  INFORMATION: 

SEREVENT  SHOULD  NOT  BE  INITIATED  IN 
PATIENTS  WITH  SIGNIFICANTLY  WORSEN- 
ING OR  ACUTELY  DETERIORATING 
ASTHMA,  WHICH  MAY  BE  A  LIFE- 
THREATENING  CONDITION. 

SEREVENT  SHOULD  NOT  BE  USED  TO  TREAT 
ACUTE  SYMPTOMS.  Patients  must  be 
provided  withi  a  stiort-acting,  inhialed 
Q2-ogonist  for  treatment  of  acute 
symptoms. 

SEREVENT  IS  NOT  A  SUBSTITUTE  FOR 
INHALED  OR  ORAL  CORTICOSTEROIDS. 

Circle  141  on  reader  service  card    — 


Twice-Daily 

Sere\^nf 

(salmeferol  xinafoafe) 

Inhalation  Aerosol 

Morning  and  Evening  inhalation 
for  Active  Days  and  Restful  Nigtits 

Please  consult  Brief  Summary  ol  Prescribing  Information 
on  the  preceding  pages. 
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San  Diego,  Califomia...a  piaure-perfect  vacation  destination  where 
you  can  explore  the  ocean  depths  of  Sea  Worldf  go  wild  at  the 
world  famous  San  Diego  Zoo,  head  south  of  the  border  to  Tijuana, 
kick  back  andinjoy  the  sun-bleached  beaches  of  Mission  Bay,  and 
partake  of  tlw  exciting  AARC  Annual  Meeting. 

To  picture  yourself  in  this  exciting  vacation  package,  circle  number  100 
on  the  reader  service  card  in  this  issue,  request  any  other  material 
you  might  like  to  receive,  complete  the  requested  information,  and  mail 
the  card-  / 

Your  |])icture-perfea  vacation  includes: 
«  Round-trip  air  transportation  to  San' Diego  for  two,  November  2-6,  1996 

■  4  nights  hotel  accommodations,  iticluding  room  tax,  at  a  selected 
San  Diego  hotel,  November  2-5j  1996 

■  Admission  to  the  AARC  Annual  Meeting,  November  3-6,  1996 
(Sunday-Wednesday) 


Official  Rules:  No  purchase  necessary.  To  enter,  circle  number  100  on  the  reader  service 
card  In  this  issue,  request  any  other  material  you  might  like  to  receive,  then  complete 
your  name,  address,  telephone  number,  and  other  information  requested.  Mail  the 
postagepaid  card  to  AARC  Publications,  P.O.  Box  11605,  Rlverton,  NJ  08076-7205. 
Entries  must  be  received  no  later  than  midnight  September  1 ,  1996.  Prize  is  valid  for 
travel  only  November  2-6,  1996.  Entrants  must  be  at  least  18  years  of  age.  Illegible 
entries  will  be  disqualiried.  AARC  Times  and  Respiratory  Care*  are  not  responsible  for 
late,  lost,  damaged,  or  misdirected  mail.  The  winner  will  be  selected  in  a  random 
drawing  at  Daedalus  Enterprises,  11030  Abies  Lane,  Dallas,  TX  75229-4593  on  or  about 
September  5,  1996.  Federal,  stale,  and  local  Uxes  are  not  included  in  prize  package. 
Meals,  gratuities,  and  all  other  expenses  not  specified  herein  are  the  responsibilities 
of  the  winner.  Void  where  prohibited  by  law,  and  all  federal,  state,  and  local  laws  apply. 
NO  substitution  for  prizes.  Prizes  are  not  transferable  and  are  not  redeemable  in  cash. 
The  winner  vvill  be, notified  by  mail  or  telephone. 


Abstracts 


regulates  serum  IgE  levels  on  chromosome  3q. 
These  findings  are  consistent  with  the  existence 
of  1  or  more  genes  on  chromosome  5q3  l-q33  caus- 
ing susceptibility  to  asthma. 

The  Relationship  between  Infection  and  In- 
flammation In  the  Early  Stages  of  Lung  Dis- 
ease from  Cystic  Fibrosis — K  Balough,  M  Mc- 
Cubbin.  M  Weinberger.  W  Smits.  R  Ahrens. 
R  Pick.  Pediatr  Pulmonol  199.';;2n(2):6.'l. 

We  examined  the  relationship  of  pulmonary  in- 
fection and  inflammation  in  cystic  fibrosis  (CF) 
by  performing  31  bronchoalveolar  lavages  (BAD 
in  14  young  children  with  minimal  lung  disease 
from  CF.  While  10  of  the  14  patients  had  elevated 
polymorphonuclear  leukocyte  (PMN)  counts  ini- 
tially, only  4  had  bacteria  generally  regarded  as 
pathogenic  in  the  recovered  BAL  fluid.  Three  of 
these  4  and  6  of  the  others  had  follow-up  bron- 
choscopies at  6  months  intervals.  PMN  counts  re- 
mained norinal  for  only  1  patient.  However, 
pathogenic  bacteria  were  recovered  during  the  re- 
peat BALs  only  in  those  patients  who  were  col- 
onized initially.  Proinflammatory  cytokines  and 
proteinases  were  generally  elevated,  and  inter- 
leukin-8  (IL-8)  concentration  correlated  inversely 
with  oxygen  saturation  (SaO:).  No  complications 
of  the  procedure  occurred.  We  conclude  that  BAL 
identifies  inflammation  and  the  presence  of  bac- 
teria in  the  lower  airway  at  an  early  stage  of  the 
disease.  This  information  may  be  used  to  guide 
therapy  in  patients  too  young  or  otherwise  unable 
to  produce  sputum.  These  data  also  suggest  that 
inflammation  is  present  early  in  the  course  of  CF 
lung  disease  before  colonization  and  infection  of 
the  lungs  with  potentially  pathogenic  bacteria  oc- 
curs. Since  inflammation  appears  to  be  the  ear- 
liest detectable  evidence  of  lung  disease  in  CF, 
monitoring  of  inflammation  with  BAL  may  serve 
as  a  useful  marker  of  clinical  benefits  from  new 
treatments  in  patients  with  minimal  lung  disease. 

The  Use  of  High-Efficiency  Particulate  Air-Fil- 
ter Respirators  To  Protect  Hospital  Workers 
from  Tuberculosis:  A  Cost-Effectiveness  Anal- 
ysis— KA  Adal,  AM  Anglim,  CL  Palumbo, 
MG  Titus,  BJ  Coyner.  BM  Farr.  N  Engl  J  Med 
1994;331(3):169. 

BACKGROUND:  After  outbreaks  of  multidrug- 
resistant  tuberculosis,  the  Centers  for  Disease  Con- 
trol and  Prevention  proposed  the  use  of  respira- 
tors with  high-eftlciency  particulate  air  filters 
(HEPA  respirators)  as  part  of  isolation  precautions 
against  tuberculosis,  along  with  a  respiratory-pro- 
tection program  for  health  care  workers  that  in- 
cludes medical  evaluation,  training,  and  tests  of 
the  fit  of  the  respirators.  Each  HEPA  respirator  costs 
between  $7.5 1  and  $9.08,  about  1 0  times  the  cost 
of  respirators  currently  used.  METHODS:  We  con- 
ducted a  cost-etfectiveness  analysis  using  data  from 
the  University  of  Virginia  Hospital  on  expo.sure 
to  patients  with  tuberculosis  and  rates  at  which  the 


purified-protein-derivative  (PPD)  skin  test  became 
positive  in  hospital  workers.  The  costs  of  a  respira- 
tory-protection program  were  based  on  those  of 
an  existing  program  for  workers  dealing  with  haz- 
ardous substances.  RESULTS:  During  1992.  1 1 
patients  with  documented  tuberculosis  were  ad- 
mitted to  our  hospital.  Eight  of  3,852  workers 
(0.2<7c )  had  PPD  tests  that  became  positive.  Five 
of  these  conversions  were  believed  to  be  due  to 
the  booster  phenomenon;  1  followed  unprotect- 
ed exposure  to  a  patient  not  yet  in  isolation;  the 
other  2  occurred  in  workers  who  had  never  entered 
a  tuberculosis  isolation  room.  These  data  suggest 
that  it  will  take  more  than  1  year  for  the  use  of 
HEPA  respirators  to  prevent  a  single  conversion 
of  the  PPD  test.  Assuming  that  1  conversion  is  pre- 
vented per  year,  however,  it  would  take  41  years 
at  our  hospital  to  prevent  1  case  of  occupationally 
acquired  tuberculosis,  at  a  cost  of  $  1 .3  million  to 
$18.5  million.  CONCLUSIONS:  Given  the  ef- 
fectiveness of  currently  recommended  measures 
to  prevent  nosocomial  transmission  of  tuberculosis, 
the  addition  of  HEPA  respirators  would  offer  neg- 
ligible protective  efficacy  at  great  cost. 

Clinical  Trial  of  a  New  Lightwand  Device  (Tra- 
chlightl  To  Intubate  the  Trachea — OR  Hung, 
S  Pytka,  I  Morris,  M  Murphy,  G  Launcelott, 
S  Stevens,  W  MacKay,  RD  Stewart.  Anesthesi- 
ology 1995;83(3):509. 

BACKGROUND:  Transillumination  of  the  soft 
tissue  of  the  neck  using  a  lighted  stylet  (lightwand) 
is  an  effective  and  safe  intubating  technique.  A 
newly  designed  lightwand  (Trachlight)  incor- 
porates modifications  to  improve  the  brightness 
of  the  light  source  as  well  as  flexibility.  The  goal 
of  this  study  was  to  determine  the  effectiveness 
and  safety  of  this  device  in  intubating  the  trachea 
of  elective  surgical  patients.  METHODS:  Healthy 
surgical  patients  were  studied.  Patients  witli  known 
or  potential  problems  with  intubation  were  ex- 
cluded. During  general  anesthesia,  the  tracheas 
were  intubated  randomly  using  either  the  Trach- 
light or  the  laryngoscope.  Failure  to  intubate  was 
defined  as  lack  of  successful  intubation  after  3  at- 
tempts. The  duration  of  each  attempt  was  record- 
ed as  the  time  from  insertion  of  the  device  into 
the  oropharynx  to  the  time  of  its  removal.  The  total 
time  to  intubation  (TTI),  an  overall  measure  of 
the  ease  of  intubation,  was  defined  as  the  sum  of 
the  durations  of  all  (as  many  as  3)  intubation  at- 
tempts. Complications,  such  as  mucosal  bleed- 
ing, lacerations,  dental  injury,  and  sore  throat,  were 
recorded.  RESULTS:  Nine  hundred  fifty  patients 
(479  in  the  Trachlight  group  and  47 1  in  the  laryn- 
goscope group)  were  studied.  There  was  a  I  %  fail- 
ure rate  with  the  Trachlight,  and  92"??^  of  intuba- 
tions were  successful  on  the  first  attempt,  com- 
pared with  a  }%  failure  rate  and  an  89%  success 
rate  on  the  first  attempt  with  the  laryngoscope 
(p  not  significant).  All  failures  were  followed  by 
successful  intubation  using  the  alternate  device. 
The  TTI  was  significantly  less  with  the  Trachlight 


compared  with  the  laryngoscope  (15.7  ±  10.8  vs 
19.6  ±  23.7  s).  For  laryngoscopic  intubation,  the 
TTI  was  longer  for  patients  with  limited  mandibu- 
lar proti'usion  and  mentohyoid  distance,  with  a  larg- 
er circumference  of  the  neck,  and  with  a  high  clas- 
sification according  to  Mallampatti  et  al.  How- 
ever, there  was  no  relation  between  the  TTI  and 
any  of  the  airway  parameters  for  Trachlight.  There 
were  significantly  fewer  traumatic  events  in  the 
Trachlight  group  than  in  the  laryngoscope  group 
( 10  vs  37).  More  patients  complained  of  sore  thioat 
in  the  laryngoscope  group  than  in  the  Trachlight 
group  (25.3%  vs  17.1%).  CONCLUSIONS:  In 
contrast  to  laryngoscopy,  the  ease  of  intubation 
using  the  Trachlight  does  not  appear  to  be  in- 
fluenced by  anatomic  variations  of  the  upper  air- 
way. Inaibation  occasionally  failed  with  the  Trach- 
light but  in  all  cases  was  resolved  with  direct  laryn- 
goscopy. The  failures  of  direct  laryngoscopy  were 
resolved  with  Trachlight.  Thus  the  combined  tech- 
nique was  100%  successful  in  intubating  the  tfa- 
cheas  of  all  patients. 

Cardiorespiratory  Effects  of  Positive  End-Ex- 
piratory Pressure  during  Progressive  Tidal 
Volume  Reduction  (Permissive  Hypercapnia) 
in  Patients  with  Acute  Respiratory  Distress 
Syndrome — VM  Ranieri.  L  Mascia,  T  Fiore. 
F  Bruno,  A  Brienza,  R  Giuliani.  Anesthesiolo- 
gy 1995;83(4):710. 

BACKGROUND:  In  patients  with  acute  res- 
piratory distress  syndrome  (ARDS)  the  venti- 
latory approach  is  based  on  tidal  volume  (Vj) 
of  10-15  niL/kg  and  positive  end-expiratory  pres- 
sure (PEEP).  To  avoid  further  pulmonary  injury 
decreasing  Vy  and  allowing  Paco;  to  increase 
(permissive  hypercapnia)  has  been  suggested. 
Effects  of  10  cm  H:0  of  PEEP  on  respiratory 
mechanics,  hemodynamics,  and  gas  exchange 
were  compared  during  mechanical  ventilation 
with  conventional  (10-15  mL/  kg )  and  low  (5- 
8  mL/kg)  Vt.  METHODS:  Nine  sedated  and  par- 
alyzed patients  were  studied.  Vt  was  decreased 
gradually  (50  mL  every  20-30  min).  Static  vol- 
ume pressure  (V-P)  curves,  hemodynamics,  and 
gas  exchange  were  measured.  RESULTS:  Dur- 
ing mechanical  ventilation  with  conventional  Vj, 
V-P  curves  on  PEEP  0  (ZEEP)  exhibited  an  up- 
ward convexity  in  6  patients  reflecting  a  pro- 
gressive reduction  in  compliance  with  inflating 
volume;  whereas,  PEEP  resulted  in  a  volume  dis- 
placement along  the  flat  part  of  this  curve.  After 
Vy  reduction,  V-P  curves  in  the  same  patients 
showed  an  upward  concavity,  reflecting  pro- 
gressive alveolar  recruitment  with  inflating  vol- 
ume, and  application  of  PEEP  resulted  in  alve- 
olar recruitment.  The  other  3  patients  showed 
a  V-P  curve  with  an  upward  concavity;  Vj  re- 
duction increased  this  concavity  and  application 
of  PEEP  induced  greater  alveolar  recruitment 
than  during  conventional  Vj.  With  PEEP,  car- 
diac index  decreased  by,  respectively,  3 1  %  dur- 
ing conventional  Vj  and  11%  during  low  Vt  (p  < 
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0.01);  Pao;.  increased  by  32%  and  71%  (p  < 
0.01 )  respectively;  whereas,  righl-to-left  venous 
admixture  (Q./Oi>  decreased  by  1 1  %  and  40% 
respectively  (p  <  0.01 ).  The  greatest  values  of 
PaO;  static  compliance  and  oxygen  delivery  and 
the  lowest  values  ofQs/Qi  (best  PEEP)  were  ob- 
tained during  application  of  PEEP  with  low  Vx 
(p<0.01).  CONCLUSIONS:  Although  PEEP 
induced  alveolar  hyperinflation  in  most  patients 
during  mechanical  ventilation  with  conventional 
\'j.  at  low  Vj.  there  appeared  to  be  a  signifi- 
cant alveolar  collapse  and  PEEP  was  able  to  ex- 
pand these  units  improving  gas  exchange  and 
hemodynamics. 

Bronchoalveolar  Lavage  Studies  in  Children 
without  Parenchymal  Lung  Disease:  Cellular 
Constituents  and  Protein  Levels — F  Midulla. 
A  Villani,  R  Merolla.  L  Bjermer.  T  Sandstrom, 
R  Ronchetti.  Pediatr  Pulmonol  1995;20(2):1 12. 

We  evaluated  bronchoaheolar  lavage  fluid  (BAD 
for  cellular  constituents,  concentration  of  total 
protein  (TP).  albumin  (AL).  fibronectin  (FN),  and 
hyaluronic  acid  (HA)  in  16  children  aged  2-.32 
months  without  pulmonary  inflammatory  or 
parenchymal  disease  to  establish  reference  val- 
ues. We  compared  our  data  to  those  reported  in 
older  children  and  in  normal  adult  volunteers. 
HAL  results  were  obtained  simultaneously  from 
the  right  middle  lobe  and  the  lingula.  Results  in- 
dicated that  children  younger  than  3  years  of  age 
had  a  higher  number  of  cells/mL  than  older  chil- 
dren and  adults  (?9.9  x  Wvs  17.6  X  10^  and  12 
X  ny).  Differential  cell  count  revealed  that  the 
percentages  of  alveolar  macrophages  (AM),  lym- 
phocytes (LYM).  and  eosinophils  (EOS)  were 
similar  to  those  obtained  in  older  children  and  in 
adults;  whereas,  the  percentage  of  neutrophils 
(NEU)  was  higher  in  younger  children  (NEU  .'i..'i 
vs  1.6and  1.2%.  respectively)than  in  older  chil- 
dren and  adults.  The  latter  difference  was  even 
greater  in  infants  under  12  months  of  age  (NEU 
7.6%).  The  concentrations  of  TP.  AL,  FN.  and 
HA  in  children's  BAL  samples  were  compared 
to  values  reported  for  adults.  There  were  no  dif- 
ferences between  infants  and  children  13-32 
months  of  age  or  normal  adults.  BAL  fluid  ob- 
tained simultaneously  from  the  middle  lobe  and 
lingula  were  not  significantly  different.  In  con- 
clusion, this  is  the  first  report  on  BAL  values  (cel- 
lular and  noncellular  constituents)  in  children 
younger  than  3  years.  The  results  may  be  used 
as  reference  values  for  further  studies  in  children 
with  parenchymal  lung  disease  in  this  age  group, 

School-Based  Screening  for  Tuherculous  In- 
fection: A  Cost-Benefit  Analysis — JC  Mohle 
Boctani,  B  Miller.  M  Halpcm.  A  Trivedi,  J  l^'ssler. 
SL  .Solomon.  M  lenstersheib.  JAMA  199.'i;274 
(K):6I3. 

OBJECTIVE:  To  compare  tuberculin  screening 
of  all  kindergarlners  and  high  school  cnlranis 


(screen-all  strategy)  vs  screening  limited  to  high- 
risk  children  (targeted  screening).  DESIGN;  De- 
cision, cost-effectiveness,  and  cost-benefit  anal- 
yses. SETTING  &  SUBJECTS;  Students  in  a 
large  urban  and  rural  county.  DEFINITIONS; 
High  risk  of  tuberculous  infection  was  defined 
as  birth  in  a  country  with  a  high  prevalence  of  tu- 
berculosis. Low  risk  was  defined  as  birth  in  the 
United  Slates.  OUTCOME  MEASURES:  Tu- 
berculosis cases  prevented  per  10,000  children 
screened.  Net  costs,  net  cost  per  case  prevented, 
benefit-cost  ratio,  and  incremental  cost-effec- 
tiveness. RESULTS:  The  scTeen-all  strategy  would 
prevent  14.9  ca.ses  per  10.000  children  screened; 
targeted  screening  would  prevent  84.9  cases  per 
10.000  children  screened.  The  screen-all  strate- 
gy is  more  costly  than  no  screening;  the  benefit- 
cost  ratio  is  0.58.  Targeted  screening  would  re- 
sult in  a  net  savings;  the  benefit-cost  ratio  is  1 .2. 
Screening  all  children  is  cost-saving  only  if  the 
reactor  rate  is  20%  or  greater.  The  cost  per  ad- 
ditional case  prevented  for  screening  all  children 
compared  with  targeted  screening  ($34,666)  is 
more  than  twice  as  high  as  treatment  and  contact 
tracing  for  a  case  of  tuberculosis  ($16,392).  CON- 
CLUSIONS: Targeted  screening  of  schoolchil- 
dren is  much  less  costly  than  mass  screening  and 
is  more  efficient  in  prevention  of  tuberculosis. 

A  Critical  Assessment  of  Uncalibrated  Res- 
piratory Inductance  Plethysmography  (Respi- 
tracc ' )  for  the  Measurement  of  Tidal  Breath- 
ing Parameters  in  Newborns  and  Infants — 

E  Jackson,  J  Stocks,  L  Pilgrim.  1  Dundas. 
C  Dezateux.  Pediatr  Pulmonol  199.5;20(2):1 19. 

We  have  compared  results  obtained  with  an  un- 
calibrated respiratory  inductance  plethysmograph 
(RIP)  with  those  of  a  face  mask  and  pneumota- 
chograph (PNT)  for  the  computerized  measure- 
ment of  the  time  to  read  peak  tidal  expiratory  flow 
as  a  ratio  of  total  expiratory  time  (tpTEp;!);).  Si- 
multaneous measurements  were  made  in  32 
healthy  neonates  aged  0-3  weeks,  35  healthy  in- 
fants aged  5-82  weeks,  and  28  infants  aged  15- 
94  weeks  with  physician-diagnosed  recurrent 
wheeze.  The  group  mean  (±SD)  values  of  tpxEp;'!; 
determined  using  a  PNT  were  0.455  (±0.129), 
0.263  (±0.077),  and  0.232  (±0.089)  for  the  neo- 
nates, healthy  infants  and  infants  with  recurrent 
wheeze  respectively.  RIP  gave  mean  (±SD)  val- 
ues that  were  0.055  (±0.044)  and  0.025  (±0. 104) 
lower  than  the  PNT  in  healthy  neonates  and  in- 
fants with  recurrent  wheeze  respectively;  RIP  \  al- 
ues  were  0.002  (±0.073)  higher  in  the  healthy  in- 
fants over  4  weeks  of  age  than  measurements  by 
PNT.  Although  the  difference  between  the  2  mea- 
surements was  not  related  to  the  thoracoatxiominal 
phase  angle,  as  measured  from  Lissajous  figures, 
examination  of  the  RIP  ritvagc  and  alxlominal  sig- 
nals revealed  thai  many  healthy  subjects,  while 
appearing  clinically  in  pha.se,  had  ribcage  and  ah 
dominal  signals  that  differed  markedly  from  c;ich 
other  in  leniis  of  convexity/concavity  during  carl\ 


expiration.  This  may  explain  the  lack  of  agree- 
ment between  the  2  methods.  We  conclude  that 
uncalibrated  RIP  should  be  used  with  caution  for 
the  determination  of  lpTEF:tir;,  even  in  subjects 
whose  ribcage  and  abdomen  appear  to  move  syn- 
chronously. The  measurement  of  tpTEF:tK  did  not 
differentiate  between  the  healthy  infants  and  in- 
fants with  recurrent  wheezing. 

Effect  of  Aminophylline  on  High-Energj  Phos- 
phate Metabolism  and  Fatigue  in  the  Di- 
aphragm—T  Ide.  DG  Nichols.  JR  Buck. 
SM  Eleff,  DC  Shungu,  JL  Robotham,  RS  Fitzger- 
ald, RJ  Traystman.  Anesthesiology  1995;83 
(3):557. 

BACKGROUND:  Diaphragmatic  fatigue  caus- 
es respiratory  failure,  for  which  aminophylline 
has  been  used  as  therapy.  Because  the  mechanism 
of  action  of  aminophylline  in  re\ersing  diaphrag- 
matic fatigue  is  unclear,  we  used  in  vivo  "P  mag- 
netic resonance  spectroscopy  (MRS)  to  determine 
the  relation  between  diaphragmatic  activation, 
force  output,  and  aerobic  metabolism.  METH- 
ODS: Bilateral  phrenic  stimulation  was  used  to 
pace  the  diaphragm  in  pentobarbital-anesthelized 
piglets  (6-10  weeks  old;  n  =  -14).  E.sophageal  and 
abdominal  pressures  were  measured  to  calculate 
transdiaphragmatic  pressure  (Pdi)  (Pdi  =  abdom- 
inal pressure  -  esophageal  pressure)  as  an  index 
of  force  output.  Activation  was  determined  by  the 
aniplimde  of  the  compound  action  potential  of  the 
diaphragmatic  electromyogram.  Aerobic  metabo- 
lism was  assessed  with  a  "P  MRS  surface  coil 
on  the  right  hemidiaphragm  with  the  animal  in 
a  4.7-T  magnet.  The  animals  were  divided  into 
4  groups  based  on  aminophylline  loading  dose: 
saline,  aminophylline  10  mg/kg  (AlO),  amino- 
phylline 20  mg/kg  ( A20),  and  aminophylline  40 
mg/kg  ( A40).  After  aminophylline  loading  the  dia- 
phragm was  paced  for  25  minutes  followed  b) 
a  1 0-minute  recovery.  RESULTS:  Aminophylline 
concentrations  were  12.2  ±0.7,  21.9  +  2.4,  and 
44.9  ±  3.6  mg/L  in  the  AlO,  A20,  and  A40  groups, 
respectively.  Compound  action  potential  aniplittide 
decreased  in  all  groups  by  30%  after  25  minutes 
of  pacing.  Conversely,  Pdi  remained  at  1(X)±  3% 
of  the  initial  value  after  5  minutes  of  pacing  in 
the  A40  group  but  decreased  to  75  +  3%  in  the 
saline  group.  Pdi  recovered  completely  ( 103  ± 
17%  )  in  the  A40  group  but  remained  depressed 
(72  +  6%  1  in  the  saline  group.  Pdi  values  were 
intermediate  in  the  AlO  and  A2()  groups.  MRS 
data  revealed  inadequate  energy  supply/demand 
ratio  in  the  saline  group  such  that  the  ratio  of  in- 
organic phosphate  to  phosphocreatine  (Pi/PCr) 
increased  to  1 .01  ±  0.09  after  5  minutes  of  pac- 
ing. Pi/PCr  remained  unchanged  in  the  A40  group 
and  was  intermediate  in  the  A 1 0  and  A20  groups. 
/J-Adenosine  triphosphate  and  intracellular  pH 
did  not  differ  among  groups  or  as  a  function  of 
pacnig.  Diaphragmatic  blood  How  increased  from 
a  resting  value  of  35-60  to  300-4 1 0  ml  inin  ' 
lOOg  '  during  pacing  in  all  groups  and  w;is  noi 
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The  AARC  Education  Section  is  lool<ing  for  educational  research  and  experience 
with  models  and  instructional  methods  that  may  be  useful  in  implementing  the 
recommendations  of  the  Education  Consensus  Conferences  or  other  issues  in 
respiratory  care  education.  Special  consideration  will  be  given  to  abstracts  and 
poster  presentations  that  deal  with  multiskill  curriculum  and/or  core 
curriculum. 

The  1996  Summer  Forum,  scheduled  for  July  12-14  in  Naples,  FL,  will  offer  two  opportunities  for 
participants  to  share  their  scholarly  activities  with  colleagues: 
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2.  Poster  presentations  dealing  with  education  models,  methods,  or  materials  that  can  be 
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for  review  by  the  Education  Section  Review  Committee.  All  abstracts  and  proposals  will  be 
peer-reviewed,  and  authors  will  be  notified  of  decisions  by  May  15.  Questions  may  be 
directed  to  the  review  committee  chair,  Pat  Munzer. 

Proposals  must  include  three  components: 

1 .  Cover  sheet  that  includes  the  following  information: 

a.  Type  of  presentation  (research  abstract  or  poster  presentation) 

b.  Title  of  presentation 

c.  Names,  primary  titles,  work  addresses,  and  day  telephone  numbers  of  the  authors;  the 
name  of  the  author  who  will  present  the  paper  and  receive  correspondence  should  be 
listed  first 

d.  A  statement  of  previous  presentations  or  publications  of  the  same  or  similar  work 
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f.  Other  information  required  by  funding  sources 

2.  Camera-ready  copy  (without  author  identification)  for  review  by  the  committee 

3.  Camera-ready  original  (with  author  identification)  for  possible  publication 
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affected  by  aminophylline  dose.  CONCLU- 
SIONS: Aiiiinophylline,  in  a  dose-dependeni  fash- 
ion, delays  tlie  onsel  of  fatigue  and  improves  re- 
co\ery  from  fatigue.  Delayed  fatigue  is  associ- 
ated with  improved  aerobic  nietaboli.sni  as 
rellected  in  a  low  Pi/PCr  ratio. 

Blunted  Peripheral  Chemoreceptor  Response 
tu  Hyperoxia  in  a  (iroup  uf  Infants  with  Bron- 
ehopulmunary  Dysplasia — M  Kal/Salamon. 
B  Jonsson.  H  Lagercrantz.  Pediatr  Pulmonol 
IW.^;2()|2):I01. 

Infants  with  BPD  often  sulfer  from  chronic  hy- 
poxia and  rci-|uirc  supplemental  oxygen  (Oj).  This 
might  affect  the  scnsiti\  ity  of  pciiphcral  chcmorc- 
ceptoi>.  Tlierefore,  we  assessed  peripheral  chemoit- 
ceptor  function  in  25  infants  with  bronchopul- 
monary dy  spla.sia  (BPDl  of  varying  severity,  using 
the  hyperoxic  lest.  These  infants  were  compared 
w  ith  35  preterm  infants  who  did  not  develop  BPD. 
All  infants  were  tested  during  the  40th  week  of 
postconceptional  age  and  their  mean  postnatal  age 
was  8 1 .5  ±  1 6.3  days.  Sixty  percent  ( 1 5/25 )  of  the 
BPD  infants  lacked  a  hyperoxic  response,  while 
the  proportion  of  nonresponders  to  O:  among  the 
other  groups  was  20%  (7/35).  The  intensity  of  this 
response  was  negatively  correlated  to  time  spent 
on  a  ventilator  and  positively  to  time  without  sup- 
plemental oxygen.  The  intensity  of  chemoreceptor 
function  was  closely  related  to  the  severity  of  BPD; 
none  of  the  infants  with  the  most  severe  form  of 
BPD  (grade  3)  showed  a  ventilatory  respon.se  to 
hyperoxia.  Furthermore,  infants  with  BPD  need- 
ed significantly  longer  time  to  increase  their  sat- 
uration than  did  non-BPD  infants  (4.7  and  9.3  s 
respectively).  We  conclude  tliat  many  infants  u  ith 
BPD.  particularly  those  with  the  most  severe  fonii 
of  the  disease,  have  abnormally  functioning  pe- 
ripheral chemoreceptors. 

Impaired  Action  of  Thyroid  Hormone  Asso- 
ciated with  Smokinj"  in  Women  with  Hy- 
pothyroidism— B  Miiller,  H  Zulewski,  P  Huber, 
.IG  Ralclilfe,  JJ  Staub.  N  Engl  J  Med  1995: 
333:964. 

BACKGROLIND:  The  effect  of  smoking  on  thy- 
roid function  is  controversial,  and  its  effect  on  thy- 
roid homione  action  is  unknown.  We  investigated 
the  effects  of  cigarette  smoking  in  women  with 
various  grades  of  hypothyroidism  and  in  normal 
women.  METHODS:  We  studied  138  normal 
women  and  135  women  with  primary  hypothy- 
roidism, of  whom  84  had  subclinical  hypothy- 
roidism and  51  overt  hypothyroidism.  Sixty  ol 
the  women  with  hypothyroidism  were  ree\alu- 
aled  during  thyroxine  therapy.  The  women  were 
talegori/ed  as  smokers  or  nonsmokers  accord- 
ing to  their  res|X)nses  to  a  questionnaire.  Thyroid 
function  was  evaluated  by  measurements  of  scnim 
thyrotropin,  tree  thyroxine,  and  Iri-iodothyronine. 


Peripheral  thyroid  hormone  action  was  assessed 
by  a  clinical  score  and  measurements  of  ankle- 
retlex  time  and  serum  lipids  and  creatine  kinase. 
RESULTS:  Among  the  women  with  subclinical 
hypothyroidism,  the  sinokers  had  a  higher  mean 
(+SD)  serum  thyrotropin  concentration  (21.3  ± 
16.6  vs  12.7  ±  7.2  mU/L.  p  =  0.004)  and  a  high- 
er ratio  of  serum  tri-iodothyionine  to  serum  free 
thyroxine  (by  30%.  p  =  0.003)  than  the  non- 
smokers.  Their  serum  concentrations  of  total 
cholesterol  and  low-density  lipoprotein  (LDL) 
cholesterol  were  higher  (by  16%,  p  =  0.013:  and 
289; ,  p  =  0.003.  respectively).  Among  the  women 
with  overt  hypothyroidism,  the  serum  concen- 
trations of  thyrotropin,  free  thyroxine,  and  tri- 
iodothyronine were  similar  in  the  smokers  and 
nonsmokers.  As  compared  with  the  nonsmokers. 
the  smokers  had  a  clinical  score  indicating  a 
greater  degree  of  hypothyroidism  (p  <  0.001 ). 
higher  serum  concentrations  of  total  and  LDL 
cholesterol  (by  25%.  p  <  0.001;  and  24%,  p  = 
0.002.  respectively),  longer  ankle-reflex  time  (by 
25%,  p  <  0.(K)1 ),  and  higher  serum  concen&ations 
of  creatine  kinase  (by  236%,  p  <  0.001 ).  There 
were  dose-response  relations  between  smoking 
and  serum  concentrations  of  total  and  LDL  choles- 
terol, seruin  creatine  kinase  concentrations,  and 
ankle-retlex  time  in  the  women  with  overt  hypo- 
thyroidism, and  between  smoking  and  serum  con- 
centrations of  total  and  LDL  cholesterol  in  the 
women  with  subclinical  hypothyroidism.  CON- 
CLUSIONS: Smoking  increases  the  metabolic 
effects  of  hypothyroidism  in  a  dose-dependent 
way.  This  may  be  explained  by  alteration  of  both 
thyroid  function  and  hormone  action. 

Efficacy  of  Combined  Coronary  Revascular- 
ization and  Valve  Procedures  in  Octogenar- 
ians— MS  Adkins.  D  Amalfitano,  NA  Harnum, 
GW  Laub,  LB  McGrath.  Chest  1995;I08(4):927. 

From  Januaty  1982  to  October  1991, 42  consecu- 
tive patients  80  years  of  age  and  older  underwent 
a  combined  cardiac  procedure  with  coronary 
revascularization  and  valve  repair  or  replacement. 
There  were  20  women  and  22  men.  Mean  age  at 
operation  was  82.8  years  (range.  80  to  89.7  years). 
Twenty-seven  patients  (64%)  were  in  New  York 
Heart  Association  (NYHA)  functional  class  111 
or  IV  preoperatively.  Six  patients  ( 14.3%)  had  un 
dergone  previous  cardiac  pr(x;edures.  There  were 
6  hospital  deaths  ( 14.3%).  The  only  significant 
preoperative  risk  factor  identified  for  the  event 
hospital  death  was  aortic  insufficiency  (p  =  0.(X)5). 
The  36  hospital  survivors  were  followed  up  at  a 
mean  of  21.1  months  after  hospital  discharge. 
There  were  9(21%)  late  deaths  occurring  at  a 
mean  of  2 1 .3  months  |vist()|K'ratively:  2  IVom  acute 
myocardial  mlaiclions  ,md  7  Ironi  chronic  heart 
failure.  Survival  analysis  indicated  that  higher  pre- 
operative NYHA  class  (p  =  0.()()()3),  hyperten- 
sion (p  =  0.015),  hypercholesterolemia  (p  =  0.03), 


and  elevated  left  atrial/left  ventricular  gradient 
( p  =  0.04)  were  increinental  risk  factors  for  over- 
all mortality.  The  actuarial  survival  at  40  months 
was  5 1 .9%,  with  no  significant  difference  as  com- 
pared with  an  age-,  sex-,  and  race-matched  popu- 
lation. Of  the  27  late  survivors.  26  were  in  NYHA 
class  I  or  II.  We  conclude  that  octogenarians  may 
undergo  complex  cardiac  surgical  procedures  with 
an  expectation  of  an  acceptable  mortality  rate  and 
significant  improvement  in  their  functional  sta- 
tus. These  results  must  be  taken  into  considera- 
tion in  light  of  reported  strategies  to  ameliorate 
health-care  costs  by  limiting  availability  of  com- 
plex medical  care  to  the  elderly. 

A  Trial  of  Goal-Oriented  Hemodynamic  Ther- 
apy in  Critically  III  Patients — L  Gattinoni. 
L  Brazzi.  P  Pelosi.  R  Latini.  G  Tognoni,  A  Pe- 
senti.  R  Fumagalli  for  the  SvO:  Collaborative 
Group.  N  Engl  J  Med  I995:333(  I6):1025. 

BACKGROUND:  Hemodynamic  therapy  to  raise 
the  cardiac  index  and  oxygen  delivery  to  supra- 
normal  levels  may  improve  outcomes  in  critically 
ill  patients.  We  sOidied  whether  increasing  the  car- 
diac index  to  a  supranomial  level  (cardiac-index 
group)  or  increasing  mixed  venous  oxygen  sat- 
uration to  a  nonnal  level  (oxygen-samration  group) 
would  decrease  morbidity  and  mortality  among 
critically  ill  patients,  as  compared  with  a  control 
group  in  which  the  target  was  a  normal  cardiac 
index.  METHODS:  A  total  of  10.726  patients  in 
56  intensive  care  units  were  screened,  among 
whoin  762  patients  belonging  to  predefined  di- 
agnostic categories  with  acute  ph\ siolog\  scores 
of  1 1  or  higher  were  randomly  assigned  to  the  3 
groups  (252  to  the  control  group,  253  to  the  car- 
diac-index group,  and  257  to  the  oxygen-saturation 
group).  RESULTS:  The  hemodynamic  targets 
were  reached  by  94.3%  of  the  control  group. 
44.9%  of  the  cardiac-index  group,  and  66.7%  of 
the  oxygen-saturation  gioup  (p  <  0.001 ).  Mortality 
was  48.4,  48.6,  and  52.1%',  respectively  (p  = 
0.638),  up  to  the  time  of  discharge  from  the  in- 
tensive care  unit  and  62.3,  61,7.  and  63.8%  (p  = 
0.875)  at  6  months.  Among  patients  who  sur\  i\ed. 
the  number  of  dysfunctional  organs  and  the  lengtli 
of  the  stay  in  the  intensive  care  unit  were  simi- 
lar in  the  3  groups.  No  differences  in  inortality 
among  the  3  gmups  were  found  for  any  diagnostic 
category.  A  subgroup  analysis  of  the  patients  in 
whoin  hemodynamic  targets  were  itached  revealed 
similar  mortality  rates:  44.8. 40.4,  and  39.0^; .  re- 
spectively (p  =  0.478).  CONCLUSIONS:  Hemo- 
dynamic therapy  aimed  at  achieving  supranomial 
values  for  the  cardiac  index  or  normal  values  for 
mixed  venous  oxygen  saturation  does  not  reduce 
morbidity  or  moilality  among  crilic;illy  ill  patients. 
Sec  ihc  icUilcil ctlildiidi:  Manipiilalinti  Himo- 
dynamics  and  Oxygen  Transport  in  Critically  III 
I'alienls—C  Hinds.  I)  Wiilsim.  N  En^l  J  Mfd 
IW5:.UMI6):I()74-I075. 
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The  AARC  Human 
Resources  Survey: 
A  Study  of 
Respiratory  Care 
Human  Resources 
in  Hospitals 

Covers  a  wide  range  of  human  resource 

issues,  including  compensation,  numbers 

of  full-time  equivalents,  job  vacancy 

rates,  education,  credentialing,  and 

licensure.  Even  includes  information  on 

age,  sex,  and  years  of  experience.  Includes  comprehensive  summary, 

position  profiles,  salaries,  education,  experience,  credentials,  and  regional 

demographics.  Vacancies  are  inventoried.  68  pages,  66  tables. 

ltemBK12  $35  ($50  nonmembers) 


A  Study  of 
Chronic  Ventilator 
Patients  in  the 
Hospital 

Chronic  ventilator-dependent  patients 
are  costing  American  hospitals  more 
than  $9  million  per  day  according  to 
this  Gallup  study  conducted  for  the 
AARC.  This  important  study  provides 
information  on  patients  who  depend  on 
life-support  systems;  why,  how,  and 
where  they  are  being  treated;  and  the 
cost  of  treatment.  47  pages,  9  tables,  12 
figures. 
Item  BK20  $25  ($50  nonmembers) 

A  Study  of 
Respiratory  Care 
Practice 

This  study  examines  the  practice  of 
respiratory  care  in  today's  health  care 
environment  and  how  hospital 
reorganization  is  affecting  the 
profession.  Includes  chapters  on  medical 
direction,  current  respiratory  care 
services,  nontraditional  services, 
respiratory  care  protocols,  and  hospital 
service  reorganization.  38  pages, 
34  tables,  15  charts. 
Item  BK17  $20  ($40  nonmembers) 
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Policy  and 
Procedure 
Manual 


Save  time  and  money  by 

making  your  department 

more  efficient  with  the 

Policy  and  Procedure 

Manual.  Its  130  pages  of 

policies  and  procedures 

cover  the  aspects  of 

administrative  and  clinical 

respiratory  care  for  both 

adult  and  pediatric  practice. 

Sections  on  administrative 

policies,  therapeutics,  clinical        ' — ^ 

monitoring,  and  mechanical 

ventilation.  Standardized  formats  include  objectives,  indications, 

equipment,  policies,  contraindications,  troubleshooting,  procedures, 

hazards,  and  assessment  of  effectiveness. 

Item  BK6  $60  ($70  nonmembers) 
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Respiratory 
Home  Care 
Equipment 


Respiratory  Home  Care 

Equipment  exclusively 

covers  home  care 

equipment  with  practical 

applications  and  charts  on 

oxygen  concentrators, 

liquid  units,  air 

compressors,  and  home 

care  ventilators.  An 

invaluable  book  for  the 

home  care  practitioner  and 

equipment  technician. 

Details  home  care  devices, 

cleaning,  disinfecting,  and 

monitoring  procedures  to 

minimize  infection.  Includes  guides  for  educating  staff  on 

equipment,  therapy,  patient  assessment,  and  safety.  Features 

procedures  for  gas  administration  and  monitoring  devices, 

humidifiers  and  nebulizers,  artificial  airways  and  resuscitators, 

respirators,  and  ventilators.  By  Steven  P.  McPherson.  Hardcover, 

192  pages,  141  illustrations,  6  tables. 

Item  BK7  $9  ($12  nonmembers) 
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Editorials 


Clinical  Practice  Guidelines:  Why,  Whence,  and  Whither? 


Perhaps  the  largest,  most  discussed,  and  most  costly  pro- 
ject initiated  by  the  American  Association  for  Respiratory  Care 
(AARC)  in  the  past  10  years  has  been  the  development  of 
AARC  Clinical  Practice  Guidelines  (CPGs).'  CPGs  are  sys- 
tematically developed  statements  to  assist  clinicians  with  ap- 
propriate respiratory  care  for  specific  clinical  circumstances. 
The  intended  audience  for  the  CPGs  developed  by  the  AARC 
includes  everyone  involved  with  the  delivery  of  respiratory 
care,  in  addition  to  respiratory  therapists,  they  should  be  of 
interest  to  physicians — in  particular  physicians  such  as  pul- 
monologists  and  anesthesiologists  who  lu-e  intimately  involved 
with  the  practice  of  respiratory  care.  Clinical  practice  guide- 
lines are  currently  fashionable  and  are  being  developed  by 
the  government  and  a  number  of  other  organizations  for  a  va- 
riety of  objectives.-  '"  The  AARC  CPGs  are  developed  for 
the  noblest  of  reasons — to  improve  the  quality  of  respirato- 
ry care  administered  to  patients.  The  titles  and  citations  for 
the  36  previously  published  CPGs  are  listed  on  Page  1299, 
and  the  6  recently  approved  appear  on  Pages  1300-1343  of 
this  issue. 

An  Overview  of  Clinical  Practice  Guidelines 

Variability  of  clinical  practice,  from  one  hospital  to  an- 
other and  from  one  geographic  region  to  another,  is  well 
known.'"  "  There  are  differences  in  patient  outcomes,  hos- 
pital lengths  of  stay,  and  costs  of  care.  It  is  well  known  that 
respiratory  care  practice  varies  from  one  hospital  to  another, 
and  sometimes  from  one  clinical  unit  to  another  within  a  par- 
ticuku'  hospital.  Variations  in  practice  have  received  increasing 
public  scrutiny.  As  stated  by  McGuire,'  "Our  problem  is  not 
that  the  emperor  has  no  clothes,  but  that  because  the  emperor 
is  increasingly  supported  at  public  expense,  we  must  give 
him  guidelines  that  make  his  clothes  fit  our  needs  as  well 
as  his."  Where  there  are  differences  in  practice,  the  question 
of  which  practice  is  most  appropriate  is  raised  by  patients, 
clinicians,  third-party  payers,  and  regulating  agencies. 

The  AARC  has  taken  a  leadership  position  in  the  devel- 
opment of  clinical  practice  guidelines  to  improve  the  appro- 
priateness of  respiratory  care  practice  throughout  the  coun- 
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try.  Overuse  and  misallocation  of  respiratory  care  has  been 
repotted.'**  -'  In  a  retrospective  review  from  the  Cleveland  Clin- 
ic, 25%  of  respiratoiy  care  orders  were  inappropriate,  and  an- 
other 1 1%  of  patients  who  might  have  benefited  from  respi- 
ratoi7  care  had  no  orders  for  such.  One  solution  for  this  prob- 
lem may  be  delegation  of  more  patient  care  decision  making 
to  respiratory  therapists  in  the  form  of  evaluate-and-treat  pro- 
grams, respiratory  therapy  consultation  services,  or  therapist- 
driven  (ie,  patient-driven)  protocol  programs."-''  Even  in  the 
absence  of  such  programs,  therapist-physician  interactions 
can  improve  the  appropriateness  of  respiratory  care  orders.-'^ 
CPGs  should  provide  a  basis  for  determination  of  appropri- 
ate care  and  the  allocation  of  that  care. 

In  December  1989,  the  United  States  Congress  established 
the  Agency  for  Health  Care  Policy  and  Research  ( AHCPR) 
in  an  effort  to  enhance  the  quality,  appropriateness,  and  ef- 
fectiveness of  health-care  services.^  AHCPR  supports  clin- 
ical practice  guidelines  that  focus  on  health  problems  and  in- 
terventions for  which  the  ri.sks  and  costs  aie  particularly  high, 
and  treatments  for  which  the  outcomes  of  care  are  particu- 
larly variable  or  uncertain.  Although  it  is  important  to  ap- 
preciate that  there  is  a  federal  initiative  to  develop  guidelines, 
the  development  of  CPGs  by  the  AARC  is  not  affiliated  with 
the  AHCPR.  AARC  CPGs  differ  in  style  and  form  from  those 
of  the  AHCPR.  AHCPR  clinical  practice  guidelines  are  lengthy 
and  detailed  documents;  whereas,  the  AARC  CPGs  are  brief 
but  practical  documents  that  address  specific  respiratoiy  cai'e 
modalities.  As  of  December  1994.  AHCPR  had  developed 
16  guidelines — none  of  which  related  to  respiratory  care,  crit- 
ical care,  pulmonary  medicine,  or  anesthesia. 

Through  its  Agenda  for  Change,  the  Joint  Commission 
for  Accreditation  of  Healthcare  Organizations  (JCAHO)  is 
promulgating  the  development  of  clinical  indicators  as  quan- 
titative measures  to  monitor  and  evaluate  the  quality  of  pa- 
tient care.-''  Clinical  practice  guidelines,  such  as  those  de- 
veloped by  the  AARC,  are  not  clinical  indicators /Jcr.vc,  but 
Guidelines  developed  by  the  AARC  should  be  consistent  with 
the  JCAHO  concept  of  clinical  indicators.  By  establishing 
a  peer-reviewed  basis  for  the  appropriate  use  of  respirato- 
ry care,  the  AARC  CPGs  can  be  used  as  a  component  of  a 
continuous  quality  improvement  program.  With  increasing 
emphasis  on  outcomes,  the  CPGs  can  be  used  to  determine 
whether  the  outcomes  associated  w  ilh  respirator}  care  pro- 
cedmes  are  appropriate. 
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CPGs:  Why.  Whence,  &  Whither? 


All  clinical  practice  guidelines  should  improve  the  con- 
sistency and  appropriateness  of  care,  and  serve  as  a  guide 
for  education  and  research.  They  should  define  and  justify 
clinical  practice.'  This  is  important  and  necessary  for  the  fol- 
lowing reasons. 

Technology  explosion:  Many  respiratory  care  technologies 
exist  that  were  not  available  20  years  ago:  these  include  pulse 
oximetry,  pressure  support  ventilation,  and  microprocessor 
ventilators,  to  name  a  few.  The  appropiiate  integration  of  such 
technologies  into  clinical  practice  is  often  uncleai'  and  should 
be  aided  by  AARC  CPGs — an  example  is  the  CPG  on  Pulse 
Oximetry.  There  are  also  changes  in  the  application  of  existing 
therapies.  Examples  include  oxygen  therapy,  aerosol  thera- 
py, IPPB,  and  incentive  spirometry — for  each  of  which  there 
is  now  a  related  AARC  CPG. 

Information  explosion:  It  is  axiomatic  that  an  information 
explosion  exists  in  health  care.  For  example,  there  were  8.663 
articles  related  to  12  respiratory  care  topics  from  1991  until 
mid- 1995  (Table  1).  It  is  impossible  for  anyone  to  read  all 
of  this  literature,  assess  its  scientific  validity,  and  integrate 
its  findings  into  everyday  patient  care.-^  Clinical  practice 
guidelines  should  help  to  bridge  the  gap  that  often  exists  be- 
tween academicians  and  clinicians.  Each  of  the  AARC  CPGs 
is  supported  by  an  extensive  bibliography.  However,  the 
CPGs  are  not  intended  to  be  a  meta-analysis  and  are  based 
upon  consensus  as  well  as  science.  This  is  particularly  the 
case  when  the  scientific  basis  may  not  be  clear,  but  the  prac- 
tice is  established  and  considered  appropriate  by  respect- 
ed clinicians. 


terest  in  providing  only  those  therapies  for  which  there  is  a 
scientific  basis,  and  the  CPGs  should  provide  this  scientif- 
ic basis  or  indicate  when  it  is  absent.  CPGs  should  provide 
a  basis  for  effective  physician-therapist  interactions. 

Regulation,  litigation,  &  risk  management:  CPGs  should 
provide  the  basis  for  appropriate  care.  At  the  same  time,  they 
should  be  flexible  enough  to  be  tailored  to  the  individual  needs 
of  specific  patients.  Although  they  are  intended  to  be  f^iiide- 
lines.  they  are  likely  to  become  accepted  as  shindanls  of  care. 
As  such  they  may  play  an  important  role  in  malpractice  claims 
and  establishment  of  a  standard  of  care.-^  The  adoption  of  anes- 
thesia guidelines  has  resulted  in  lower  malpractice  insurance 
premiums.-'""  The  role  of  respiratory  care  guidelines  in  risk 
management  remains  to  be  determined. 

Restructuring  of  respiratory  care  services:  Restructuring, 
re-engineering,  and  "downsizing"  are  common  "buzz"  words 
of  the  1990s.  Respiratory  therapists,  like  all  other  health-care 
providers,  are  being  asked  to  work  smarter  and  more  effi- 
ciently. There  are  increasing  pressures  to  provide  appropriate 
care  with  fewer  respiratory  therapists.  This  forces  respira- 
tory care  departments  to  decrease  the  numbers  of  respiratory 
care  procedures  that  are  provided.  The  challenge  is  to  elim- 
inate unnecessary  care  while  providing  high-quality  respi- 
ratory care  when  it  is  indicated.  Managed  care  providers  will 
demand  appropriate  allocation,  and  the  responsibility  for  this 
will  fall  increasingly  on  the  shoulders  of  respiratory  thera- 
pists. The  CPGs  should  provide  assistance  to  respiratory  care 
departments  for  developing  triage  mechanisms  so  that  care 
is  appropriately  allocated. 


Number  of  Citations  Identified  from  a  MEDLINE  Search  of 
Twelve  Respiratory-Care-Related  Topics  Published  between 
1991  and  Mid-1995. 


Topic 

Number  of  Citations 

Pulse  oximetry 

709 

Oxygen  therapy 

591 

Arterial  blood  gases 

582 

Nebulizers,  inhalers.  &  aerosol  therapy 

332 

Mechanical  ventilation 

2,069 

Suctioning 

158 

Cardiopulmonary  resuscitation 

1,494 

Chest  physiotherapy 

59 

Spirometry 

1,334 

IPPB  &  incentive  spirometry 

57 

Indirect  calorimetry 

630 

Humidifiers 

48 

Total 

8.663 

Physician,  administrator,  &  patient  expectations:  Physi- 
cians, hospital  administrators,  patients,  and  third-party  pay- 
ers sometimes  have  differing  expectations  of  respiratory  care 
practitioners.  The  clinical  practice  guidelines  should  improve 
the  congruence  of  those  expectations.  There  is  increased  in- 


Respiratory  care  protocols:  To  address  the  issue  of  mis- 
allocation,  increasing  numbers  of  respiratory  care  departments 
have  worked  with  their  medical  staff  to  develop  respirato- 
ry care  protocols  or  respiratory  care  consult  services.  With 
such  programs,  physicians  delegate  patient-care  decisions  to 
respiratory  therapists.  The  respiratory  therapist  is  then  re- 
sponsible for  patient  assessment,  delivery  of  the  appropriate 
therapy,  assessing  the  response  to  the  therapy,  and  discon- 
tinuing the  therapy  when  it  is  no  longer  indicated.  Respira- 
tory care  protocols  are  likely  to  receive  increasing  clinical 
application,  with  fewer  specialist  physicians  and  fewer  house 
staff  in  teaching  hospitals.  Many  respiratory  care  departments 
have  already  used  the  CPGs  to  develop  institution-specific 
respiratory  care  protocols. 

Outcomes  and  patient  satisfaction:  There  is  increasing  pres- 
sure to  show  that  clinical  interventions  improve  outcome.  This 
focus  on  outcomes  has  been  referred  to  as  ""the  third  revolution 
in  medical  care.""  Although  they  are  different,  the  terms  guide- 
lines and  outcomes  are  often  used  in  the  same  context.  The 
origins  of  the  outcomes  movement  are  similar  to  those  for 
guidelines  development — cost  containment  and  geographic 
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differences  in  practice.'-  '■*  In  theory  (yet  unproven).  iniple- 
iiientation  of  w  ell-constructed  guidelines  should  improve  the 
outcomes  of  health  care.  There  is  also  increased  interest  in 
patient  (and  family)  satisfaction  with  the  quality  of  care  pro- 
\  ided.  Implementation  of  CPGs  should  be  consistent  with  the 
concept  of  patient-focused  care.  In  the  future,  there  will  be 
increasing  pressure  on  the  health-care  delivery  system  to  pro- 
vide only  those  therapies  that  improve  quality,  outcome,  and 
patient  satisfaction  and  simultaneously  reduce  cost.  CPGs 
should  provide  measurable  outcomes  that  can  be  used  to  as- 
sess respiratory  therapy  procedures. 

The  AARC  Clinical  Practice  Guidelines 

The  AARC's  initiative  to  develop  clinical  practice  guide- 
lines formally  began  in  1990.  The  responsibility  to  develop 
Guidelines  rests  with  the  CPG  Steering  Committee.  The  Steer- 
ing Committee  oversees  tlie  activities  of  Working  Groups  who 
are  directly  responsible  for  drafting  Guidelines.  There  have 
been  Working  Groups  for  oxygen  therapy,  aerosol  therapy, 
mechanical  ventilation,  bronchial  hygiene,  cardiopulmonary 
diagnostics,  cardiopulmonary  resuscitation,  and  home  res- 
piratory care.  These  Working  Groups  consist  of  4-8  individuals 
with  expertise  in  the  specific  topic  and  include  both  respiratory 
therapists  and  physicians. 

The  process  being  used  to  develop  the  AARC  CPGs  is 
shown  in  Figure  1 .  The  initial  draft  of  each  Guideline  is  de- 
veloped from  a  thorough  review  of  the  literature,  surveys  of 
current  practice,  and  the  expertise  of  the  members  of  the  Work- 
ing Groups.  The  initial  draft  of  the  Guideline  then  undergoes 
multiple  revisions  and  editing  by  the  Working  Group,  some- 
times with  the  help  of  consultants  to  the  Working  Group.  The 
Working  Groups  commonly  spend  hundreds  of  person-hours 
developing  a  single  CPG.  When  the  Working  Group  is  sat- 
isfied with  the  Guideline,  it  is  reviewed  by  the  Steering  Com- 
mittee and  distributed  for  peer  review.  The  peer-review  pro- 
cess typically  involves  over  500  individuals — respiratory  ther- 
apists, physicians,  and  others.  Every  reviewer  comment  is 
considered  by  the  Working  Group  that  drafted  the  CPG  and 
by  the  Chairman  of  the  CPG  Steering  Committee.  Follow- 
ing peer  review  and  appropriate  revision,  the  CPGs  are  pub- 
lished in  Respiratory  Care  and  widely  distributed  as  reprints. 
From  the  beginning  of  the  effort,  it  was  anticipated  that  the 
Guidelines  would  be  periodically  revised  and  updated,  and. 
in  fact,  that  process  has  begun. 

For  the  sake  of  consistency,  each  Guideline  follows  a  sim- 
ilar structure: 


or  indications  for  the  procedure. 

Contraindications:  Conditions  that  constitute  absolute  and 
relative  contraindications  to  the  procedure. 
Assessment  of  Need:  A  description  of  how  the  clinician 
determines  that  a  procedure  is  indicated. 
Assessment  of  Outcome;  A  description  of  how  the  clin- 
ician should  evaluate  the  benefit  (or  lack  thereof)  of  a  pro- 
cedure. 

Resources:  A  description  of  the  equipment  and  personnel 
required  to  perform  the  procedure. 
Monitoring:  A  description  of  what  should  be  monitored 
during  the  procedure. 

Frequency:  A  statement  regarding  how  frequently  a  pro- 
cedure should  be  performed,  or  how  one  determines  fre- 
quency. 

Infection-Control:  Specific  infection-control  issues  related 
to  the  procedure. 

References:  The  papers  supporting  the  statements  made 
in  the  Guideline. 


DEVELOPMENT  OF  A  GUIDELINE 


Expertise 


Survey 


N  1  / 

Initial  draft  (working  group) 

I 

->■  Review  &  edit  (working  group) 

1 

Review  by  consultants 

1 

Review  by  steering  committee 

1 

Review  by  panel  of  experts 

1 

Publication 

i 

Revision 


Fig.  1.  Steps  in  the  development  of  the  AARC  Clinical  Practice 
Guidelines.  (Reproduced  from  Reference  1 ,  with  permission.) 


Procedure:  Commonly  used  names  lor  the  procedure. 

Description:  A  short  description  of  the  procedure,  written 

in  the  context  of  the  Guideline. 

Setting:  Specification  of  where  it  is  appropriate  to  perform 

the  procedure. 

Objectives/Indications:  A  list  of  the  recogni/cd  objectives 


It  is  important  that  members  of  the  respiratory  care  com- 
munity hold  appropriate  expectations  for  CPGs  (Table  2). 
Guidelines  are  not  treatment  protocols  or  critical  pathways; 
they  do  not  dictate  staffing  or  salary  levels;  they  do  not  set 
equipment  budgets;  ;ind  they  do  not  seek  to  regulate  institution- 
specific  procedures.  CPGs  should,  however,  provide  a  broad. 
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but  limited,  context  within  which  specific  department  pro- 
cedures, policies,  protocols,  and  critical  pathways  can  be  de- 
veloped. In  fact,  in.stitution-specific  policies,  procedures,  and 
protocols  could  be  constructed  using  the  same  format  as  the 
AARC  CPGs. 


gram.'''-""-^  Their  educational  value  has  also  been  recog- 
nized, and  they  have  been  published  in  part  or  in  whole  in  text- 
books.^"""-  Although  most  observers  have  applauded  the  de- 
velopment of  the  AARC  CPGs.  their  long-term  impact  on  the 
delivery  of  respiratory  care  is  yet  to  be  determined. 


Table  2.      Appropriate  Expectations  ot  Clinical  Practice  Guidelines 


CPGs  are: 


CPGs  are  not: 


Guidelines 

Clinical 

Practical 

Brief  stateinents 

Profession-oriented 

Voluntary 

Evolving 


Procedures 

Hypothetical 

Theoretical 

Lengthy  reviews 

Institution-oriented 

Regulatory 

Static 


From  Rele 


The  literature  clearly  indicates  that  clinical  practice  guide- 
lines do  not  necessarily  change  practice.'^  '**  If  guidelines  are 
to  be  adopted,  they  must  be  widely  disseminated;  they  must 
be  rea.sonable  and  readable:  they  must  be  consistent  with  ac- 
ceptable practice;  they  must  have  wide  review  before  pub- 
lication; and  they  must  be  reviewed  and  updated  periodically. 

The  Future 

Clinical  practice  guidelines  will  probably  receive  increasing 
attention  throughout  the  1990s.  Guidelines  are  often  considered 
in  the  context  of  health-care  restructuring,  cost  containment, 
and  appropriate  allocation  of  care.  The  AARC  is  taking  a  lead- 
ership position  in  this  movement.  The  development  of  AARC 
CPGs  should  be  instaimental  in  improving  the  respiratory  care 
administered  to  patients  throughout  the  country.  However, 
objective  evaluation  of  the  AARC  CPGs,  their  u.se,  and  their 
impact  on  patient  care  has  yet  to  be  established.  The  Institute 
of  Medicine  has  described  desirable  attributes  of  clinical  prac- 
tice guidelines  (Table  3).'''  Conformance  of  the  AARC  CPGs 
to  this  description  has  not  yet  been  independently  evaluated. 
The  AARC  CPGs  have  been  widely  praised  and  translated 
into  several  languages.  The  CPGs  have  been  credited  as  use- 
ful for  the  development  of  a  respiratory  care  consultation  pro- 
Table  3.      Desirable  Attributes  of  Clinical  Practice  Guidelines 

validity 

reliability 

clinical  applicability 

clinical  flexibility 

clarity 

multi-disciplinary  process 

scheduled  review 

documentation 


From  Reference  39.  with  permit 


"Sotnetitnes  learning  reqtjires  courage.  It  c;ui  be  dif- 
ficult for  experts,  especially,  to  admit  that  they  could 
be  better  at  what  they  do  if  only  they  knew  more.  To 
become  a  learner  is  to  become  vulnerable." 

DM  Berwick,  199H' 

Dean  Hess  PhD  RRT 

Chairman 

AARC  Clinical  Practice  Guidelines 

Steering  Committee 

Assistant  Director 
Department  of  Respiratory  Care 
Massachusetts  General  Hospital 

Instructor  in  Anesthesia 
Harvard  Medical  School 

Boston,  Massachusetts 
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Guidelines:  A  Call  for  Local  Implementation 
and  Assessment  of  Impact 


The  Clinical  Practice  Guideline:  Polysomnography,  pub- 
lished in  tliis  issue  of  RESPIRATORY  Care.'  is  a  major  step  for- 
ward in  recognizing  the  diversity  of  talent  and  skill  needed  to 
effectively  diagnose  and,  thus,  manage  patients  with  sleep  dis- 
orders. The  two  professional  organizations — the  American  As- 
sociation for  Respiratory  Care  and  the  Association  of  Polysom- 
nography Technologists — have  outlined  the  necessary  knowl- 
edge base  and  skills  for  "technicians"  charged  with  constant 
attendance  at  sleep  studies.-  The  career  position  that  such  tech- 
nicians hold  makes  demands,  requires  specialized  knowledge, 
and  imposes  responsibilities  beyond  those  expected  of  many 
who  perform  "routine"  electrophysiology  studies  and  respira- 
tory care  procedures.  This  document  establishes  a  benchmark 
for  that  position. 

The  current  "guidelines  approach"  to  medical  and  paramed- 
ical practice  manifested  as  publications  from  professional 
societies  and  government  agencies  is  a  two-edged  sword  with 
inherent  strengths  and  under-recognized  weaknesses. '■■*  The 
need  for  guidelines  is  based  upon  the  realization  that  con- 
siderable variation  exists  among  cases  and  their  management 
that  are  independent  of  patient  outcome  or  satisfaction.  The 
hope  is  that  guidelines  will  capture  the  practices  that  lead  to 
the  best  outcome  and  thereby  reduce  variations  in  care.  All 
those  involved  would  examine  the  literature  and  propose  solu- 
tions. Often  the  solution  might  be  to  improve  the  system  of 
care  rather  than  to  change  physician  behavior  or  training. 
Moreover,  guidelines  would  incorporate  recommendations 
designed  to  assess  their  impact — positive  or  negative — on 
the  problem  and  to  direct  alterations  over  time  (ie,  provisions 
for  continuous  quality  improvement). 

General  weaknesses  should  also  be  recognized.  First,  guide- 
lines are  easier  to  write  than  to  implement  or  assess.  Second, 
professionally  derived  guidelines  can  be  too  long,  too  detailed, 
and  too  specialized  for  general  use.  As  a  consequence,  ex- 
pressions of  expert  opinion  or  commercial  "pitches"  may  still 
have  a  greater  impact.-''  Third,  guidelines  often  do  not  identi- 
fy, a  priori,  the  end-users  or  would-be  implementors — tho.se 
in  a  position  to  directly  improve  care.  Also,  we  have  learned 
that  local  resources  and  resource  allocation  cannot  be  antici- 
pated or  dictated  by  national  standards.  In  other  words,  there 
may  be  no  one  "best"  practice.  Best  practice  may  take  a  vari- 
ety of  forms. 

So,  how  will  this  guideline  fare?  The  problem:  the  need 
to  define  the  equipment  requirements  and  personnel  skills 
involved  in  the  diagnostic  and  therapeutic  aspects  of  poly- 
somnography. As  a  consequence  of  the  publication  of  the 
guideline.  I  believe  that  the  technical  practice  of  polysomnog- 
raphy as  a  test  or  as  part  of  a  therapeutic  trial  is  now  bet- 


ter defined.  And.  in  that  regard  I  believe  that  the  definition 
of  the  knowledge  base  is  more  important  than  the  spelling 
out  of  procedural  details.  This  document  could  easily  be 
made  a  part  of  the  procedure  manual  of  those  departments 
that  manage  patients  with  sleep  disorders.  However,  I  do 
hope  that  we  avoid  the  "Wizard  of  Oz"  mentality — a  diplo- 
ma rather  than  a  brain — and  focus  on  skills  acquisition  and 
assessment  in  functional  terms,  rather  than  by  degree  and 
credential  acquisition. 

Where  can  this  guideline  make  the  most  impact?  I  en- 
courage greater  effort  toward  its  local  implementation  and 
towaid  assessment  of  its  local  impact,  rather  than  debate  on 
the  document  per  se.  Sleep  medicine  is  new;  we  have  the 
opportunity  to  constnict  quality  improvement  procedures  that 
acknowledge  the  validity  of  outcome  measures  addressing 
patient  satisfaction,  adherence  to  therapy,  and  improvement 
in  the  quality  of  life.*'-^  Do  these  guidelines  affect  care,  sat- 
isfaction, or  cost  effectiveness?  Are  patients  recovering  faster? 
I  encourage  you  to  use  this  document  to  involve  sleep-study 
personnel,  physicians,  and  administrators  in  quality  im- 
provement over  time.  Five  years  from  now.  we  should  ask 
the  question.  Has  this  document  improved  care  and  access 
to  care  for  patients?  If  it  has,  then  it  was  worth  the  consid- 
erable "blood,  sweat,  and  tears'"  that  your  organizations  ex- 
pended in  putting  it  together. 

Kingman  P  Strohl  MD 

Professor  of  Medicine 

Director,  Center  for  Sleep  Disorders  Research 

Case  Western  Reserve  University 

Cleveland,  Ohio 
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Work  of  Breathing  Imposed  by  Five  Ventilators 

Used  for  Long-Term  Support: 

The  Effects  of  PEEP  and  Simulated  Patient  Demand 

Richard  D  Branson  RRT  and  Kenneth  Davis  Jr  MD 


BACKGROUND:  The  imposed  work  of  breathing  (WOBi)  has  been  shown 
to  be  excessive  during  spontaneous  breathing  through  home-care  ventilators 
that  have  not  been  fitted  with  an  H-valve  and  external  continuous  flow.  Our 
goal  was  to  determine  whether  the  performance  of  a  prototype  ventilator  sim- 
ilar in  size  to  home-care  ventilators  and  purported  to  be  easy  to  use  is  com- 
parable to  the  performance  of  a  widely  used  intensive  care  ventilator.  MP^TH- 
ODS:  We  measured  the  VVOBi,  maximum  inspiratory  pressure  (P|nui\).  delay 
time,  and  pressure-time  product  (PTP)  during  simulated  spontaneous  breath- 
ing via  a  lung  model.  We  compared  the  Aequitron  LP-6  and  LP-IO,  PLV-102, 
Puritan-Bennett  720()ae.  and  Bird  TBird  VS  ventilators.  We  also  measured 
pressure-rise  time  and  pressure  overshoot  during  pressure  support  ventila- 
tion with  the  72()0ae  and  TBird  VS.  Data  were  collected  from  6  simulated  spon- 
taneous breaths  for  each  system  at  3  levels  of  tidal  volume  and  inspiratory 
flow  (200  niL  at  30  L/min,  400  niL  at  60  L/min,  and  600  mL  at  90  L/min).  RE- 
Sl'LTS:  The  WOB],  Pma\.  time  delay,  and  PTP  were  greater  with  the  3  home- 
care  ventilators  than  with  the  7200ae  or  TBird  VS.  Additionally,  as  patient 
demand  increased,  all  inferences  of  the  WOB|  increased.  Performance  of  the 
TBird  VS  and  of  the  7200ae  was  similar  although  the  TBird  VS  provided  for 
a  significantly  lower  P|nia\  and  PTP  while  having  a  faster  pressure-rise  time 
during  pressure  support  ventilation.  CONCLUSION:  Our  results  suggest  that 
the  WOB|  during  spontaneous  breathing  via  home-care  ventilators  is  excessive, 
and  as  a  consequence  the  intermittent  mandatory  ventilation  (IMV)  modes 
should  not  be  used  \\ithout  modification.  The  TBird  VS  and  7200ae  ventilators 
are  superior  to  the  home-care  ventilators  and  have  a  low  WOB|.  |  Respii  Care 
1995;40(l  2):  1270-1278] 


,.  „  I M  1^  .1     .1  ..    r^  n  p  Introduction 

Mr  Branson  and  l)r  Davis  are  associated  wilh  the  Du  ision  cil  Iraiinia  & 
Critical  Care.  Department  of  Surgery.  Lini\ersity  ol  C'liiciiinali  Medical 

Center.  Cincinnati.  Ohio.  Mechanical  ventilation  of  the  patient  in  the  intensive  care 

unit  (ICU)  is  costly.'  Alternatives  to  ICU  care  include  the  care 
provided  in  stcp-dowti  units,  noninvasive-monitoring  units, 
subacute-care  facilities,  and  the  home.  Recent  e\  iilence  sug- 

Ahslracts  based  on  the  slndy  reported  here  uere  presented  by  Mr  Hranson  ^CStS  that  SUbaCUtC  Care  may  pro\  illo  ihc  most  COtlipieiietl- 

durinj;  the  Ri.si'iKAioKV  Caki;  Oi'i-.n  idRUM  at  the  iM^.s  Annual  sive  care  at  the  least  expense. - 

Meeting  of  the  American  Association  lor  Respnatory  (are  held  in  However, weaning ptitients in tlic subacute-e;u-e environment 

Orlando.  Florida.  [)ecemhcr  2-.S.  I  'W.s.  -^ .,  ^,^^^^.^„^  ,„  |  yyo  Kactiiarek  ct  al  demonstrated  the  excessive 
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paper. 


work  of  breathing  imposed  (W()B|)  by  home-care  ventilators.' 
They  stiggested  that  these  \enlilalors  he  used  otily  in  the  as- 
4.'5267-().'i.ss  sisl/eonlfol  iiKHle  or  be  modified  w  illi  an  H-\  al\e  s\  sleiii  and 
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University  oKincinnaii  Medical  (enter.  I'O  Ho\  fiVo.s.'^s.  Cuicuiiiati  Oil  Thev  stiggested  that  these  ventilators  be  Used  only  in  the  as- 
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pass-over  humidifier  to  allow  intemiittent  mandatory  ventilation 
( IMV )  without  excessive  WOB|.  Because  of  the  shortcomings 
of  these  ventilators,  some  subacute-care  facilities  use  ICU  ven- 
tilators. However.  ICU  ventilators  tend  to  he  more  complex  and 
less  user-friendly  and  to  limit  patient  mobility. 

We  evaluated  5  ventilators  in  the  IMV  mode  (spontaneous 
breathing)  and  2  ventilators  in  the  pressure  support  (PSV)  mode 
to  compare  the  WOB|.  pressure-time  product  (FTP),  maxi- 
mum inspiratory  pressure  (Pimax)-  and  delay  time. 

The  purpose  of  the  study  was  to  compare  the  WOBj.  PTP. 
and  Pimax  of  3  home-care  ventilators,  an  ICU  ventilator,  and 
a  prototype  ventilator  designed  for  subacute  care  similar  in 
size  to  the  home-care  ventilators  and  purported  to  be  simple 
to  use.  Our  goal  was  to  detennine  whether  the  prototype  ven- 
tilator could  demonstrate  ICU  performance. 

Materials  &  Methods 

Five  ventilators  ( 1  of  each  model)  were  studied.  Four  of 
the  ventilators  were  chosen  because  our  research  found  that 
they  were  often  used  in  subacute-care  facilities.  The  fifth  ven- 
tilator is  a  new  device  designed  for  subacute  care.  Included 
were  3  home-care  venfilators  (LP-6.  LP-IO.  PLV-102),*  an 
ICU  ventilator  (Puritan-Bennett  7200ae),  and  the  prototype 
ventilator  (TBird  VS*).  Table  I  provides  a  comparison  of  the 


*  Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 

*  At  the  time  of  the  study,  the  TBird  VS  had  not  received  Food  and  Drug 
Administration  approval. 


modes,  operational  characteristics,  physical  characteristics, 
and  manufacturers'  suggested  retail  price. 

Ventilator  Descriptions 

LP-6  and  LP- 10:  The  LP-6  and  LP- 10  are  electrically  pow- 
ered, electronically  controlled  volume-controllers  that  use  a 
piston  as  the  driving  mechanism.  Both  operate  in  the  control, 
assist/control,  and  IMV  modes.  Breaths  are  pressure-triggered 
and  time-  or  volume-cycled.  Spontaneous  breathing  occurs 
through  the  exhalation  valve  in  the  circuit,  from  within  the 
ventilator  via  an  antisuffocation  valve,  or  through  the  air-in- 
take valve  of  the  piston  chamber. 

TBird  VS:  The  TBird  VS  is  an  electrically  powered,  micro- 
processor-controlled, pressure-  or  volume-controller  that  uses 
a  turbine  as  the  driving  mechanism.  It  operates  in  the  control, 
assist/control,  synchronized  intermittent  mandatory  ventilation 
(SIMV),  pressure  support  ventilation  (PSV),  and  continuous 
positive  airway  pressure  (CPAP)  modes  and  can  deliver  pres- 
sure- or  volume-limited  breaths.  Breaths  are  flow-triggered 
and  can  be  time-,  pressure-,  flow-,  or  volume-cycled.  Gas  flow 
during  spontaneous  breathing  is  delivered  via  a  drag  turbine. 
During  flow-triggering,  the  base  flow  is  constant  at  10  L/min 
and  trigger  sensitivity  is  adjustable  from  2  to  9  L/min.  After 
initiation  of  a  breath,  the  TBird  VS  attempts  to  reach  a  pres- 
sure of  1 .5  cm  H2O  above  the  set  positive  end-expiratory  pres- 
sure (PEEP)  or  CPAP  level.  Inspiration  is  terminated  when 
flow  through  the  expiratory  transducer  becomes  higher  than 
10  L/min. 


Table  1.      Operational  Characteristics  of  the  5  Ventilators  Studied 


Characteristic* 

Aequitron  LP-6 

Aequitron  LP- 10 

Bird  TBird  VS' 

PLV-102 

Puritan-Bennett  7200ae 

Modes 
CMV 
A/C 
SIMV 
PSV 

V 

V 

V 

CPAP 

— 

_ 

V 



V 

Output  (range) 
Volume  (mL) 

100-2.200 

100-2,200 

50-2.000 

50-1,800 

100-2,500 

Frequency  (b/min) 
PEEP  (cm  H2O) 

1-38 

1-38 

2-80 
0-30 

2-40 

0.5-70 
0-45 

HdO; 

0.21 

0.21 

0.21-1.0 

0.21-1.0 

0.21-1.0 

Pressure  Limit  (cm 

H2O) 

25-100 

25-100 

20-130 

5-95 

10-120 

Air  Source 
Battery 

Piston 

Piston 

Turbine 

Piston 

Compressor 

Manufacturer's  Sugges 

ted  Price 

$8,500 

$9,985 

$10,500* 

$11,860 

$22,125 

Size 

9  X  14  X  13 

9  X  13  X  12 

12  X  12  X  11 

9  X  12  X  12 

40  X  22  X  26 

Weight  (Ih) 

34 

32 

28 

28 

328 

•CMV  =  controlled  mechanical  ventilation;  A/C  =  assist/control;  SIMV  =  synchronized  intermittent  mechanical  ventilation;  PSV  =  pressure  support  ventilation;  CPAP  = 
continuous  positive  airway  pressure;  PEEP  =  positive  end-expiratory  pressure;  Fdo:  =  fractional  concentration  of  oxygen  delivered. 
'  At  the  time  of  the  study,  the  TBird  VS  was  not  yet  approved  by  the  Food  &  Drug  Administration  (510K  application). 
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PLV-102:  The  PLV-102  is  an  electrically  powered,  elec- 
tronically controlled  volume-controller  that  uses  a  piston  as 
the  driving  mechanism.  It  operates  in  the  control,  assist/con- 
trol, and  IMV  modes.  Breaths  are  pressure-tiiggered  and  time- 
or  \  olume-cycled.  Spontaneous  breathing  occurs  through  the 
exhalation  \  alve  in  the  circuit  or  through  the  air  intake  in  the 
piston  chamber. 

7200ae:  Tlie  72(XJae  is  im  electiically  powered,  microprocessor- 
controlled,  pressure-  or  volume-controller  that  uses  gas  from 
an  air  compressor  and  compressed  oxygen  as  the  driving  mech- 
anism and  proportional  solenoids  for  wavefoiTn  output.  It  op- 
erates in  the  control,  assist/control.  SIMV,  PSV,  and  CPAP 
modes.  Breaths  can  be  pressure-  or  flow-triggered  and  pres- 
sure-, flow-,  or  time-cycled.  Gas  flow  during  spontaneous 
breathing  is  provided  via  the  proportional  solenoids  from  the 
air  and  oxygen  sources.  During  flow-triggering,  the  base  flow 
is  adjustable  from  5  to  20  L/min  and  trigger  sensitivity  is  ad- 
justable from  1  to  10  L/min.  After  initiation  of  a  breath,  the 
TBird  attempts  to  reach  a  pressure  of  0.5  cm  H^O  above  the 
set  PEEP  or  CPAP  level.  Inspiration  is  temiinated  when  flow 
through  the  expiratory  flow  transducer  increases  to  2  L/min 
above  base  flow. 

Experimental  Set-Up 

A  patient  model  of  simulated  spontaneous  breathing,  sim- 
ilar to  that  originally  described  by  Opt"  Holt,"*  was  used  to  eval- 
uate the  ventilators.  A  2-chamber  test  lung  was  modified  to 
allow  the  chambers  to  be  connected  by  a  lift  bar.  One  cham- 
ber (driving  chamber)  was  connected  to  a  Bird  VIP  ventila- 
tor and  the  other  (experimental  chamber)  was  connected  to 
the  ventilators  to  be  tested.  When  the  driving  chamber  is  ven- 
tilated by  the  ventilator,  the  experimental  chamber  is  lifted 
by  the  lift  bar,  creating  subatmospheric  pressure  in  the  ex- 
perimental chamber.  Our  system  used  a  metal  T-piece  attached 
to  the  experimental  chamber,  which  was  lifted  by  the  driv- 
ing chamber.  A  long  metal  .screw  was  placed  through  the  T- 
piece  to  allow  communication  between  the  2  lungs  even  when 
PEEP  was  present  in  the  experimental  lung  (Fig.  1 ).  This  ob- 
viated the  need  to  add  PEEP  to  the  driving  lung  to  balance 
chamber  movement. 

Compliance  settings  of  the  test  lung  were  set  at  0.04  L/cm 
HiO  and  resistance  of  the  experimental  chamber  was  cre- 
ated by  a  8  3/16  in.  length  of  endotracheal  tube  with  a  7-mm 
internal  diameter  (ID)  that  provided  a  resistance  of  5.9  cm 
HiO  ■  s  ■  L  '  at  a  flow  of  1 .0  L/s.  The  driving  ventilator  sim- 
ulated spontaneous  breathing,  generating  a  sine-wave  flow 
pattern  and  frequency  of  10  breaths/min  at  }  combinations 
of  tidal  volume  (Vj)  and  peak  inspiratory  flow,  or  V;  (200 
mL  at  .^0  L/min,  400  mL  at  60  L/min,  and  600  mL  at  90 
L/min).  All  measurements  were  accomplished  at  0  and  5  cm 
H:0  PEEP.  PEEP  was  created  in  the  PLV-102.  LP-6,  and 
LP- 1 0  using  a  disposable  PEEP  valve.  The  sine-wave  flow 


pattern  and  volume-flow  combinations  were  chosen  to  sim- 
ulate breathing  patterns  from  quiet  to  active  that  might  be 
encountered  in  subacute  care. 

Only  the  7200ae  and  TBird  were  studied  during  PSV.  Mea- 
surements were  made  at  0  and  15  cm  HiO  PSV. 


Fig.  1.  Photograph  showing  screw  that  allows  communication  be- 
tween the  2  lungs  even  when  positive  end-expiratory  pressure  is 
present  in  the  experimental  lung. 


Measurements 

Pressure  was  measured  at  the  proximal  airway  of  the  ex- 
perimental chamber  with  a  differential  pressure  transducer. 
Flow  was  derived  from  the  pressure  drop  across  the  pneumo- 
tachograph measured  at  the  proximal  airway  of  the  experi- 
mental chamber.  Signals  from  the  pressure  transducers  were 
amplified  and  integrated  using  a  personal  computer.  Data  ac- 
quisition was  accomplished  at  a  sampling  period  of  8  ms  (fre- 
quency 125  Hz).  All  raw  data  were  saved  on  the  computer 
for  subsequent  retrieval  and  analysis.  Pressure,  flow,  and  \ol- 
ume  were  displayed  using  a  recording  oscilloscope. 

Pressure  and  flow  measurement  systems  were  calibrated, 
across  the  range  of  measurement,  between  each  series  of  tests 
with  a  U-tube  water  manometer  and  rotameter.  WOB  was  cal- 
culated as  the  area  subtended  by  the  pressure-volume  curve 
and  expressed  in  J/L  (Fig.  2).  PTP  was  measured  as  the  av- 
erage airway  pressure  multiplied  by  the  inspiratory  time  and 
expressed  in  cm  HjO  ■  s.  Time  delay  was  calculated  as  the  time 
from  the  initial  deflection  of  the  airway  pressure  signal  until 
the  retum  of  airway  pressure  to  the  baseline  (Fig.  3).  The  Pim,i\ 
was  deflned  as  the  most  negative  pressure  reading  during  a 
simulated  inspiration. 

During  PSV.  2  additional  measurements  were  made:  the 
pressure-ri.se  time  and  the  pressure  overshoot.  Pressure-ri.se 
time  was  defined  as  the  time  from  triggering  until  airway  pres- 
sure reached  9()'/r  of  the  set  PSV  level  of  15  cm  H:0.  Over- 
shoot was  deflned  as  the  difl'crence  between  actual  peak  air- 
way pressure  and  the  set  le\el  of  pressure  support  (Fig.  3). 
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Pressure  (cm  H2O) 

Fig.  2.  Area  of  the  pressure-volume  curve         used  to  calculate 
work  of  breathing  in  this  study. 


Pressure  Support  Setting 


Fig.  3.  A  representative  pressure  support  breath  and  the  points  of 
data  collection. 


All  ventilators  were  set  up  according  to  manufacturers' 
specifications,  and  operational  verification  procedures  were 
performed.  The  inspiratory  limbs  of  the  ventilator  circuits 
were  identical  in  length  and  included  a  dry,  adult-size  humidi- 
fication  chamber.  The  3  home-care  ventilators  used  an  ex- 
halation valve  in  the  expiratory  limb  of  the  circuit,  and  the 
other  2  ventilators  used  an  expiratory  circuit  connected  to 
an  internal  exhalation  valve.  Trigger  sensitivity  was  set  at 
the  maximum  level  (-1  cm  HiO)  for  all  home-care  venti- 
lators. Because  of  system  differences,  only  the  7200ae  and 
TBird  VS  were  tested  during  PSV.  Both  were  tested  using 
flow-triggering. 

We  collected  data  for  6  breaths  at  each  expeiimental  condi- 
tion and  calculated  means  and  standard  deviations.  Statisti- 
cal analysis  was  accomplished  using  commercially  available 
software.  Differences  in  variables  among  ventilators  at  a  given 
condition  were  tested  by  1-way  analysis  of  variance  (ANOVA), 
and  differences  for  a  given  ventilator  at  different  conditions 


was  tested  using  1-way  ANOVA  for  repeated  measures.  The 
level  of  significance  was  set  at  p  <  0.05. 

Results 

Data  comparing  the  5  ventilators  are  shown  in  Table  2.  Data 
for  comparison  of  PSV  between  the  7200ae  and  TBird  VS 
are  shown  in  Table  3.  Delay  times  based  on  our  data  but  cal- 
culated according  to  the  definition  of  Sassoon'-'  --  are  pro- 
vided in  Table  4.  In  the  spontaneous  breathing  mode,  the 
7200ae  and  TBird  VS  provided  a  statistically  significant  lower 
WOB,  delay  time,  Pimax-  and  PTP  at  each  simulated  patient 
demand  and  PEEP  level.  The  presence  of  PEEP  resulted  in 
significant  increases  in  WOB,  Pinm-  and  PTP  for  the  3  home- 
care  ventilators,  but  differences  in  variables  for  the  TBird  VS 
and  7200ae  were  not  statistically  significant. 

As  simulated  patient  demand  (ie,  Vi)  increased,  all  mea- 
sured variables  were  statistically  significantly  greater  than  at 
the  previous  simulated  demand  for  all  ventilators  (90  L/min 
>  60  L/min  >  30  L/min). 

At  a  simulated  patient  demand  of  400  mL  ( V|  =  60  L/min) 
and  600  mL  ( V,  =  90  L/min),  the  Pi^ax  and  PTP  were  lower 
with  the  TBird  VS  than  with  the  7200ae  (p  <  0.05).  However, 
WOB  was  not  .statistically  different.  Time  delay  was  less  with 
the  TBird  VS  at  a  600-mL  volume,  V,  of  90  L/min,  and  PEEP 
of  5  cm  H2O  than  with  the  7200ae  [0.26  (0.01 )  vs  0.36  (0.3), 
p<0.05]. 

During  PSV.  the  TBird  VS  had  a  statistically  significant 
lower  Pimax.  WOB.  PTP,  and  delay  time  than  the  7200ae  (p  < 
0.01 ).  Pressure-rise  time  was  faster  with  the  TBird  VS  at  the 
2  lower  patient  demands  {  Vt  =  200  mL.  Vj  =  300  L/min,  and 
Vt  =  400  mL,  Vi  =  60  L/min)  than  the  7200ae,  but  there  was 
no  statistically  significant  difference  at  the  highest  patient  de- 
mand. Overshoot  was  approximately  40%  less  with  the  TBird 
VS  than  with  the  7200ae  at  all  simulated  patient-demand  set- 
tings. Pressure-volume  curves  for  the  5  ventilators  at  a  PEEP 
of  5  cm  H2O  and  at  Vj  of  600  mL  with  an  Vj  of  90  L/min  are 
shown  in  Figure  4  for  comparison. 

Figure  5  shows  pressure  support  of  15  cm  HiO  delivered 
by  the  7200ae  and  TBird  VS  with  a  simulated  patient  demand 
of  400  mL  and  V,  of  60  L/min. 

Discussion 

Our  results  confimi  the  findings  of  Kacmarek  et  al,'  dem- 
onstrating high  WOB|  and  excessive  Pimax  during  simulat- 
ed spontaneous  breathing  through  home-care  ventilators.  Our 
study  suggests  that  the  LP- 10  is  superior  to  both  the  LP-6 
and  PLV-102  with  regard  to  WOB,  PTP,  and  Pimax-  We  also 
present  data  confinning  the  adverse  effect  of  PEEP  on  WOB 
with  these  ventilators. 

Our  results  also  demonstrate  that  the  prototype  ventila- 
tor tested,  the  TBird  VS,  performs  comparably  to  the  Puri- 
tan-Bennett 7200ae  in  both  the  CPAP  and  PSV  modes.  This 
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Table  2.      Comparison  of  Measured  Variables  at  Various  Tidal  Volumes  { V^s)  and  Inspiratory  Flows  ( Vis).  at  Frequency  of  U)  Breaths/Min* 


PEEPlcmHjO)         Delay  Time  (s)  Pi,„.„  (cm  HjO) 


WOB  (J/L) 


Vt  =  200  mL  &  V|  =  30  L/min 
Aequitron  LP-6 

Aequitron  LP- 10 

TBird  VS* 

PLV-I()2 

Puritan-Bennett  7200ae' 

Vt  =  400  mL  &  V,  =  60  L/min 
Aequitron  LP-6 

Aequitron  LP- 10 

TBird  VS' 

PLV-102 

Puritan-Bennett  7200ae' 

Vt  =  600  mL  &  V|  =  90  L/min 
Aequitron  LP-6 

Aequitron  LP- 10 

TBird  VS* 

PLV-102 

Puritan-Bennett  72(X)ae' 


0.60 

(0.01) 

-2.7 

(0.05) 

0.63 

(0.01) 

-7.5 

(0.06) 

0.52 

(0.01) 

-1.8 

(0.08) 

0.62 

(0.01) 

-6.7 

(0.04) 

0.10 

(0.005) 

-1.0 

(0.3) 

0.15 

(0.01) 

-1.4 

(0.16) 

0.61 

(0.03) 

-2.9 

(0.05) 

0.63 

(0.006) 

-8.2 

(0.1) 

0.15 

(0.07) 

-1.5 

(0.08) 

0.15 

(0.02) 

-1.7 

(0.08) 

0.63 

(0.01) 

-5.9 

(0.01) 

0.65 

(0.01) 

-10.4 

(0.07) 

0.57 

(0.01) 

-3.8 

(0.06) 

0.64 

(0.01) 

-8.6 

(0.04) 

0.23 

(0.02)* 

-1.6 

(0.4)= 

0.18 

(0.01) 

-1.9 

(0.1) 

0.63 

(0.01) 

-6.7 

(0.04) 

0.65 

(0.004) 

-11.6 

(0.07) 

0.46 

(0.06) 

-3.6 

(1.3) 

0.19 

(0.01) 

-2.6 

(0.3) 

0.63 

(0.007) 

-9.3 

(0.05) 

0.64 

(0.007) 

-13.6 

(0.06) 

0.59 

(0.001) 

-6.5 

(0.04) 

0.64 

(0.001) 

-11.1 

(0.07) 

0.29 

(0.01) 

-1.9 

(0.4)5 

0.26 

(0.01)5 

-2.4 

(0.13) 

0.63 

(0.009) 

-11.2 

(0.04) 

0.64 

(0.004) 

-15.6 

(0.1) 

0.26 

(0.05) 

-4.5 

(2.2) 

0.36 

(0.3) 

-2.8 

(0.5) 

*  Measured  values  jie  reponed  as  mean  (SD):  PEEP  -  extrinsic  positive  end-expiratory  pressure;  P\,„^s  - 
and  PTP  =  pressure-time  product. 


'  All  values  are  statistically  significani  compared  to  LP-6.  LP-IO.  PLV-102  (p  <  0.001 ). 
Statistically  significant  compared  to  7200ae  (p  <  0.01 1. 


0.13 

0.001) 

0.98 

0.007) 

0.30 

0.003) 

3.50 

0.06) 

0.09 

0.003) 

0.63 

0.04) 

0.26 

0.001) 

3.10 

0.03) 

0.005 

0.001)' 

0.06 

0.009)* 

0.007 

0.001) 

0.09 

0.007) 

0.14 

0.001) 

1.0 

0.006) 

0.32 

0.004) 

3.7 

0.07) 

0.012 

0.01) 

0.11 

0.08) 

0.008 

0.001) 

0.11 

0.01 ) 

0.30 

0.001) 

2.3 

0.01) 

0.54 

0.004) 

4.9 

0.05 ) 

0.19 

0.002) 

1.5 

0.02) 

0.45 

0.002) 

4.2 

0.03) 

0.012 

0.002)= 

0.13 

0.02)5 

0.007 

0.001)5 

0.12 

0.01)5 

0.35 

0.003) 

2.6 

0.02) 

0.58 

0.005) 

5.5 

0.06) 

0.07 

0.02) 

0.60 

0.06) 

0.02 

0.002) 

0.21 

O.O.^i) 

0.48 

0.002) 

3.7 

0.01) 

0.72 

0.001) 

6.3 

0.02) 

0.33 

0.001) 

2.5 

0.001) 

0.58 

0.002) 

5.2 

0.04) 

0.03 

0.001) 

0.26 

0.02)5 

0.02 

O.OOI) 

0.22 

0.01)5 

0.57 

0.001) 

4.4 

0.01) 

0.79 

0.006) 

7.1 

0.1) 

0.04 

0,01) 

0.44 

0.15) 

0.03 

0.005) 

0.35 

0.05) 

gulive  ii 

spiratory  pre 

ssure;  WOB 

=  work  of  breathin 

Table  3.      Comparison  of  Variables  during  PSV  (15  cm  HjO)  as  Provided  by  the  7200ae  and  TBird  VS  Ventilators 


Ventilator 

V,* 
(niL) 

(L/min) 

Delay  Time  (s) 

(cm  H:0) 

WOB  (J/L) 

(cm 

PTP 
H:Os) 

Rise  Time  (s) 

0\erslioot 
(cmH:0) 

TBird  VS 

200 

.30 

0.08    (0.02) 

0.6  (0.1)5 

0.002   (0.001)^ 

0.02 

(0.008)' 

0.23    (0.01)5 

0.46  (0.04)5 

72()Oae 

200 

30 

0.14   (0.01) 

2.8  (0.3) 

0.010  (0.001) 

0,12 

(0.02) 

0..^6   (0.03) 

0.93  (0.03) 

TBird  VS 

400 

60 

0.09   (0,02)' 

1,0   (0.2)' 

0,004    (0,001) 

0,03 

((),()I4) 

0,21    (0,006) 

0,57   (0,06) 

72()Oac 

400 

60 

0,12    (0,02) 

3.6   (0.5) 

0.020   (0,006) 

0,1.^ 

(0,03) 

0,34    (0.01) 

0,92   (0,04) 

TBird  VS 

600 

90 

0,07    (().()()6) 

1.5   (0.44)' 

0.007   (0.002) 

0.05 

(0,01)' 

0,43    (0.01) 

0,44  (0,06)' 

7200ae 

600 

90 

0.13   (0.02) 

4.0   (0.4) 

0.02     (0.007) 

0.17 

(0,04) 

0.42    (0.01) 

1,80  (0.22) 

*  Measured  values  are  rcporiecJ  as  mean  (.SDl:  V(  =  lidal  volume;  V|  =  peali  inspiralo 
pressure  time  product. 


'  p  <  0.05  VS  7200ac. 
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Table  4.      Comparison  of  Delay  Times  in  Puritan-Bennell  72()Oae  and 
TBird  VS  as  Calculated  bv  Method  of  Sassoon  et  al'-'-- 


Ventilator  Settings  (cm  H:0) 
CPAP/PEEP        PSV 


Delay  Time  (nis) 
72()()ae  TBird  VS 


5 

0 

0 

15 

0 

0 

51  ±  1(1 
64  ±7 


■0.1^ 


Pressure  (cm  H2O) 


Fig.  4.  Comparison  of  pressure-volume  loops  from  the  5  ventilators 
used  in  the  study  at  a  simulate(j  breathing  effort  of  ti(dal  volume  = 
400  mL  and  peak  inspiratory  flow  =  V|  of  60  L/min  at  0  PEEP. 


20- 

15- 

:  ] 

10- 

■ ,  1 

5- 

li 
1  i 

1    ■■- 

0- 

V; 

^'"",--:~— 

Time  (s) 

Fig.  5.  Comparison  of  pressure-time  curves  for  the  TBird  VS  ( — ) 
and  7200ae  (-)  at  15  cm  H2O  PSV.  Simulated  patient  effort  is  a 
tidal  volume  =  400  mL  and  peak  inspiratory  flow  =  60  L/min. 

new  ventilator  is  inten(Jed  for  subacute  and  home  care.  A  ven- 
tilator that  combines  compact  size  with  ICU  ventilator  per- 
formance at  a  price  similar  to  that  of  other  home-care  ven- 
tilators may  represent  an  irnportant  advantage  in  the  current 
health-care  environment.  Hirsch  et  aP  found  that  the  7200ae 


compared  favorably  to  other  ICU  ventilators  during  CPAP 
and  PSV  in  a  bench  study  of  the  WOB|.  We  chose  the  72()Oae 
for  our  study  because  of  its  popularity  and  level  of  perfor- 
mance in  other  studies.*  '" 

The  study  findings  are  not  unanticipated.  All  home-care 
ventilators  studied  allow  spontaneous  breathing  via  the  ex- 
halation valve,  via  the  air  intake  of  the  piston,  or  via  an  anti- 
suffocation  valve  downstream  from  the  piston.  TTiese  systems. 
unless  modified,  by  definition  do  not  provide  IMV  but  do  allow 
spontaneous  breathing  of  ambient  air  between  mandatory 
breaths. '"None  of  the  home-care  ventilators  provides  gas  flow 
for  spontaneous  breathing  unless  modified  with  an  H-valve 
system  and  external  continuous  flow.  However,  our  experi- 
ence suggests  that  these  ventilators  are  used  in  the  IMV  mode 
without  modification  in  both  subacute  and  home  care. 

Adding  PEEP  to  the  expiratory  valve  of  a  home-care  ven- 
tilator further  increases  the  inspiratory  workload.  This  also 
complicates  spontaneous  breathing  because  the  PEEP  valve 
typically  allows  only  unidirectional  flow,  eliminating  the  ex- 
halation valve  as  a  source  of  ambient  air.  With  these  3  ven- 
tilators, the  use  of  extrinsic  PEEP  creates  a  spontaneous  (auto- 
PEEP)  or  expiratory  positive  airway  pressure  (EPAP)  system." 
which  requires  the  patient  to  overcome  circuit  pressure  prior 
to  receiving  gas  flow.  In  our  experiment,  a  pressure  reduc- 
tion of  5  cm  HjO  was  required  to  allow  entrainment  of  air  into 
the  circuit.  This  type  of  system  is  associated  with  a  further 
increase  in  the  WOB.'-" 

Numerous  studies  have  evaluated  the  WOB  imposed  by 
cunent  ICU  ventilators.''""-'''^  These  reports  show  the  WOB| 
of  ICU  ventilators  to  be  small  (<  0.09  J/L).  Our  results  using 
the  TBird  VS  and  7200ae  also  demonstrate  a  low  WOB  « 
0.04  J/L).  as  little  as  one  tenth  of  that  seen  with  the  3  home- 
care  ventilators  (Table  2).  The  clinical  importance  of  these 
differences  is  unclear.  In  many  instances,  one  ventilator  may 
have  a  WOB  equivalent  to  half  of  that  of  another  ventilator 
(0.08  to  0.04  J/L),  yet  the  total  effect  on  patient  WOB  may 
be  negligible.  If  we  assume  normal  WOB  to  be  0.5  J/L.  a  de- 
crease in  the  imposed  work  of  0.04  J/L  represents  only  an  8% 
decrease  in  total  patient  work.  This  does  not  suggest  that  the 
work  to  trigger  is  unimpoilant.  Gurevitch  and  Gelmont"*  have 
shown  that  excessive  WOB|  can  cause  dyssynchrony  and  air 
hunger.  However,  clinicians  should  analyze  the  claims  of  man- 
ufacturers who  cite  the  scientific  literature  and  should  un- 
derstand the  true  meaning  of  a  50%  reduction  in  the  WOB]. 

Comparing  our  results  to  other  studies  is  difficult.  The  type 
of  ventilator  circuit  used,  humidifier,  test  lung,  and  simulated 
patient  effoil  (volume,  flow,  and  flow  pattern)  are  frequently 
different.'^-^'*  '■'-'^  Kacmarek  et  al'  found  that  the  least  WOB] 
in  home-care  ventilators  was  associated  with  a  pass-over  hu- 
midifier, followed  by  a  heat  and  moisture  exchanger  and  bub- 
ble humidifier.  We  used  the  same  pass-over  wick  humidifi- 
er and  identical  lengths  of  inspiratory  tubing  in  all  cases.  The 
3  home-care  ventilators  use  a  mushroom-type  exhalation  valve: 
whereas,  the  TBird  VS  and  7200ae  have  built-in  exhalation 
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valves.  This  necessitates  using  a  longer  expiratory  tube  with 
these  2  ventilators. 

Banneret  al '''■-" have  suggested  that  inspiratory  WOB  can 
be  affected  by  the  exhalation  valve.  We  used  the  exhalation 
valve  provided  by  the  manufacturer  and  the  same  PEEP  valve 
for  each  home-care  ventilator.  It  is  possible  that  the  increase 
in  WOB  with  the  PLV-102  is  partially  attributable  to  the  ex- 
halation valve,  but  we  did  not  measure  this  specifically.  In- 
ternal exhalation  valves  used  by  the  7200ae  and  TBird  VS 
may  also  contribute  to  the  lower  WOB  with  these  ventilators, 
but  the  major  difference  reinains  the  demand  flow  system. 

Considerable  work  on  tlow-triggering  has  been  reported 
recently  by  a  number  of  investigators.'^'*''*'' ''■-'--  The  consensus 
appears  to  be  that  flow-triggering  reduces  response  time  by 
approximately  2570  compared  to  pressure-triggering.-'--  This 
may  be  due  to  the  presence  of  continuous  flow,  the  position 
of  the  exhalation  valve  (open  during  flow-triggering,  closed 
during  pressure-triggering),  and  a  shorter  time  delay.-'  "  How- 
ever, as  initially  pointed  out  by  Sassoon  et  aF  and  our  group,'''' 
the  differences  in  flow-  and  pressure-triggering  with  the  7200ae 
are  due  to  changes  in  the  limit  variable.  During  pressure-trig- 
gering, the  ventilator  is  designed  to  maintain  circuit  pressure 
at  the  PEEP  level  minus  the  sensitivity  setting  and  to  main- 
tain a  circuit  pressure  1 .0  to  2.0  cm  HiO  above  PEEP  during 
flow-triggering.  The  result  is  a  more  rapid  'attack'  of  flow  dur- 
ing flow-triggering  and  a  small  amount  of  pressure  support. 

Because  the  TBird  VS  uses  flow-triggering  exclusively, 
we  compared  the  7200ae  and  TBird  VS  only  during  flow-trig- 
gering. TTie  TBird  used  a  base  flow  of  10  L/min  and  flow  sen- 
sitivity of  2  L/min.  The  7200ae  was  set  at  a  base  flow  of  6 
L/min  and  flow  sensitivity  of  2  L/min.  At  each  simulated  pa- 
tient demand,  the  TBird  VS  demonstrated  a  smaller  Pimax. 
lower  WOB,  and  lower  PTP  than  did  the  7200ae.  These  dif- 
ferences were  small  and  probably  do  not  represent  a  clini- 
cally important  difference.  In  many  instances,  the  two  ven- 
tilators appeiued  to  pertbrm  identically  (Fig.  6).  Because  only 
one  of  each  ventilator  was  studied,  some  of  the  differences 
seen  could  be  specific  to  that  individual  ventilator.  Beydon 
et  al-'  found  that  a  group  of  20  Ohmeda  CPU- 1  ventilators 
showed  signiflcant  differences  in  performance  unrelated  to 
the  age  of  the  machines.  Our  study  design  is  limited  by  the 
use  of  a  single  unit  of  each  ventilator  model,  and  this  may 
help  to  further  explain  the  differences  in  published  results. 

Unlike  results  of  previous  studies,  we  did  not  see  signif- 
icant differences  in  WOB  with  the  addition  of  PEEP  to  the 
two  micropr(x;essor  ventilators.  Tliis  may  be  due  to  our  method 
of  connecting  the  lung  model  chambers.  When  PEEP  is  added 
to  the  experimental  chamber,  PEEP  is  typically  added  to  the 
driving  chamber  to  prevent  the  shock  wave  seen  when  one 
chamber  "hits'  the  other.  Our  system  allowed  the  driving  cham- 
ber to  remain  al  a  baseline  of  0  cm  H^O  by  adjustment  of  the 
screw  to  allow  the  chambers  constant  communication  (I-ig. 
I ).  We  believe  the  addition  of  PEEP  to  the  driving  chamber 
nnght  cause  an  increase  in  measured  work  due  to  a  change 


in  test  lung  compliance  as  the  spring  is  stretched.  We  em- 
phasize that  comparison  of  individual  studies  is  inherently 
difficult  because  of  the  number  of  potential  confounders.  We 
believe  that  each  individual  study  should  be  judged  as  a  com- 
parison of  the  particular  devices  studied  at  the  conditions  pre- 
sent in  the  study. 


Time  (s) 

Fig.  6.  Pressure-time  curves  during  spontaneous  breathing  using 
the  7200ae  (-)  and  TBird  \/S(— ).  Simulated  patient  effort  is  a  tidal 
volume  =  400  mL  and  peak  inspiratory  flow  =  60  L/min. 


Aside  from  the  typical  measures  of  WOB  and  Pimax-  we 
also  evaluated  time  delay  and  PTP.  Our  definition  of  time  delay 
is  shown  in  Figure  3.  This  definition  differs  from  that  used 
by  Sassoon  et  aP  -'■--  but  we  believe  it  to  be  more  relevant. 
Our  time  delay  includes  the  work  to  trigger  the  ventilator  as 
well  as  the  response  to  the  patient  effort  (return  of  pressure 
to  baseline).  Sassoon  et  al  defined  time  delay  as  the  time  be- 
tween initial  effort  and  response  of  the  ventilator.  (Values  ob- 
tained from  our  data  but  calculated  according  to  Sassoon  et 
al's  definition  are  given  in  Table  4.)  As  Sassoon  has  point- 
ed out,  ventilator  response  follow  ing  triggering  is  as  important 
or  more  important  than  the  initial  Pimax-  Our  results  suggest 
that  the  trigger  delay  of  the  TBird  is  10  to  20  ms  less  than  that 
of  the  7200ae.  The  importance  of  these  differences  in  adult 
patients  with  respiratory  frequencies  of  10  to  25  breaths/min 
is  unclear.  Time  delay  is  a  comparison  of  how  rapidly  a  ven- 
tilator responds  to  patient  demand.  Care  should  be  used  that 
definitions  of  time  delay  in  subsequent  studies  are  similar.  PTP 
accounts  for  the  work  prior  to  initiation  of  flow  to  be  quan- 
tified. In  many  cases,  a  ventilator  may  have  a  low  WOB  be- 
cause the  limit  vaiiable  is  greater  than  the  baseline  pressure. 
In  fact,  it  is  possible  for  a  ventilator  with  a  P|„,ax  of  -6  cm  H;0 
to  have  a  lower  WOB  than  a  ventilator  with  a  Pimax  of -3  cm 
H2O  if  the  attack  rate  is  faster  and  2-3  cm  HjO  pressure  sup- 
port are  delivered.-''  PTP  includes  the  amount  of  patient  ef- 
fort required  to  trigger  the  ventilator  prior  to  initiation  of  flow . 

Hirsch  et  aP  compared  ICU  ventilators  during  PSV  and 
found  a  wide  range  of  imposed  work  of  breathing  values  (0.02- 
0.0002  .l/L).  They  also  measured  delivereil  Vi,  inspiratory 
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time,  and  peak  Vj.  Our  comparison  of  the  7200ae  and  TBird 
VS  evaluated  WOB,  Pinm.  FTP,  delay  time,  rise  time  and  over- 
shoot. We  chose  the  latter  2  variables  as  a  method  of  deter- 
mining adequacy  of  the  control  algorithms  of  the  2  ventila- 
tors. The  90%  rise  time  reflects  how  quickly  the  pressure  sup- 
port level  is  reached,  and  this  has  been  associated  with  the 
lowest  WOBi  in  lung  model  studies.-'  The  overshoot  is  a  mea- 
sure of  the  ability  of  the  ventilator  servo-control  system  to 
maintain  the  desired  airway  pressure. 

Our  results  show  that,  for  the  most  part,  the  7200ae  and 
TBird  VS  have  comparable  performance  during  PSV.  How- 
ever, the  TBird  VS  that  we  tested  had  a  significantly  lower 
Pjmax  and  PTP  and  a  shorter  delay  time.  The  pressure-rise  time 
was  approximately  30%  faster  with  the  TBird  VS  at  the  first 
2  simulated  conditions  (200  mL  at  30  L/min,  400  mL  at  60 
L/min)  but  equivalent  at  the  600  mL  and  90  L/min  setting. 
This  may  be  due  to  a  change  in  the  attack  rate  of  the  7200ae 
as  demand  is  increased.  The  differences  in  the  WOB  were 
also  statistically  significant  although  the  clinical  importance 
of  these  small  values  (0.004  vs  0.02  J/L)  is  unclear.  Over- 
shoot was  greatest  with  the  7200ae  when  simulated  patient 
demand  was  greatest  (Table  3).  At  the  other  2  conditions,  both 
ventilators  demonstrated  an  overshoot  <  1  cm  HiO.  The  clin- 
ical importance  of  overshoot  is  uncertain,  and  these  evalu- 
ations are  simply  comparisons  of  the  2  ventilators  under  sim- 
ilar conditions. 

A  current  trend  in  mechanical  ventilation  is  to  transfer  pa- 
tients from  the  hospital  to  subacute  or  home  care.  Our  ex- 
perience suggests  that  a  factor  limiting  or  complicating  this 
transition  is  the  inability  of  current  home-care  ventilators  to 
provide  IMV  and  PSV  and  to  allow  spontaneous  breathing 
at  a  reasonable  WOBj.  Use  of  sophisticated  ICU  ventilators 
solves  this  problem  but  sacrifices  cost,  portability,  and  size 
(Table  1 ).  Our  current  search  for  a  product  which  combines 
ICU  performance  with  lower  cost  and  portability  led  to  the 
performance  of  this  study. 

Summary 

We  have  confirmed  the  results  of  Kacmarek  et  al'  con- 
cerning the  high  WOBj  associated  with  current  home-care  ven- 
tilators. We  concur  with  their  conclusion  that  these  systems 
should  not  be  used  to  provide  IMV  without  an  H-valve  sys- 
tem. Of  note  is  the  lower  WOB|  associated  with  the  LP- 1 0, 
a  ventilator  not  available  at  the  time  of  the  Kacmarek  study. 
This  suggests  some  effort  has  been  expended  reducing  the 
WOB]  since  the  initial  report. 

Our  evaluation  shows  the  superiority  of  the  TBird  VS  and 
7200ae  ventilators  over  the  home-care  units.  There  are  mea- 
surable differences  in  the  performance  of  the  TBird  VS  and 
7200ae,  although  the  clinical  impact  of  these  differences  is 
speculative.  Our  overall  impression  is  that  the  function  of  the 
TBird  VS  with  respect  to  the  measured  variables  may  be  slight- 
ly better  than  the  7200ae.  The  TBird  ventilator  has  the  ad- 


vantage of  being  portable  and  operating  from  a  low-flow  oxy- 
gen source — two  desirable  characteristics. 


PRODUCT  SOURCES 

Ventilators  &  Ancillary  Equipment: 

Aequitron  LP-6  and  LP- 10,  Aequitron  Medical.  Minneapolis  MN 

TBird,  Bird  Products  Corporation.  Palm  Springs  CA 

Lifecare  PLV- 102,  Lifecare  Corp,  Boulder  CO 

Puritan-Bennett  7200ae,  Puritan-Bennett  Corporation,  Carlsbad  CA 

Humidification  Chamber,  Fisher  &  Paykel,  Auckland,  New  Zealand 

Testing,  Recording,  &  Calculating  Equipment: 

Fleisch  Pneumotachograph,  Switzerland 

Differential  Pressure  Transducer,  MP45-187I,  DP45-32,  Validyne  En- 
gineering Corp,  Northridge  CA 

Signal  Conditioners  &  Camer  Demodulators,  Validyne  Engineering  Corp, 
Northridge  CA 

METLAB  Software.  MathWorks  Inc.  Natick  MA 

486DX  .^3-mHz  computer.  New  Edge  Systems 

Data-acquisition  card,  Keithley  DAS  16.  Taunton  MA 

Test  Lung,  TTL,  Michigan  Instruments  MI 
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Introduction 

Optimal  care  of  adult  patients  requiring  cPironic  endotracheal 
intubation  demands  a  thorough  knowledge  of  airway  prob- 
lems— problems  that  are  different  from  those  encountered  in 
acute  airway  management.  In  this  review,  we  address  some 
of  the  more  important  considerations  facing  the  clinician  in 
the  maintenance  of  the  chronically  intubated  patient  (ie.  one 
intubated  for  longer  than  72  hours).  Skillful  and  meticulous 
daily  care  of  the  upper  airway  should  decrease  the  risk  of  com- 
plications related  to  translaryngeal  intubation. 


endotracheal  tubes  (ETTs)  are  often  believed  to  be  better  tol- 
erated, a  study  of  prolonged  intubation  revealed  that  comfort 
was  not  a  distinguishing  factor  between  the  two  routes.'  Ad- 
equate airway  suctioning  can  be  accomplished  with  the  ETT 
in  either  location  but  may  be  more  difficult  through  a  nasal 
ETT,  possibly  due  to  the  tube's  size  or  angle  of  curvature.  Oral 
hygiene  is  more  easily  maintained  with  a  nasal  ETT.  In  nasal- 
ly intubated  patients,  dental  trauma  may  be  avoided  by  cir- 
cumventing the  use  of  a  bite  block  or  oral  airway  intended 
to  prevent  the  patient  from  biting  down  on  and  occluding  the 
ETT.  Aerophagia  in  the  nasally  intubated  patient  can  become 


Oral  vs  Nasal  Long-Term  Endotracheal  Intubation 

The  considerations  for  long-term  oral  versus  nasal  en- 
dotracheal intubation  are  outlined  in  Table  1 .  Although  all  of 
these  factors  must  be  appreciated,  the  concerns  over  stabil- 
ity and  sinusitis  deserve  the  most  attention.  Although  nasal 
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Comparison  of  Advantages  and  Disadvantages  of  Oral  and 
Nasal  Intubation 


Stability 

Sinusitis 

Oral  hygiene 

Lack  of  bite  block  requirement 

Pressure  necrosis  of  adjacent  tissue 

Comfort 

Suctioning 

Ability  to  use  larger  tube 

Laryngeal  damage 


+     Clear  advantage 
+■?    Possible  advantage 

Disadvantage 
±      Indeterminate 

Adapted  from  Reference  2.  with  permission. 
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clinically  important,  leading  to  severe  gastric  distention.  Tis- 
sue compression  by  either  a  nasal  or  oral  ETT  can  cause  pres- 
sure necrosis  of  the  alae  nasi  or  lips  within  hours.  Tlie  resultant 
defect  may  be  disUessing  to  the  patient  and  family  and  be  dif- 
ficult to  repair.  Appropriate  ETT  size  is  addressed  in  detail 
in  a  later  section,  but  let  us  say  here  that  the  nasal  route  may 
require  a  smaller  ETT  than  can  be  inserted  orally.  The  use  of 
smaller  ETTs  may  contribute  to  the  lower  incidence  and  de- 
gree of  laryngeal  damage  associated  with  nasal  intubation, 
but  other  factors  may  also  play  a  role.  For  example,  because 
nasally  placed  ETTs  may  be  somewhat  more  stable  than  oral- 
ly placed  ones,  they  may  be  responsible  for  less  movement- 
related  injury  to  the  larynx.  Furthermore,  a  nasally  placed  ETT 
may  enter  the  larynx  in  a  straighter  position  than  one  placed 
orally  and.  thereby,  cause  less  damage  to  the  larynx. - 

TTie  issue  of  stability  of  the  ETT  is  important  because  rein- 
tubation  can  be  associated  with  significant  morbidity  and  the 
potential  exists  for  complete  loss  of  the  airway.  Premature  ex- 
tubation  can  occur  from  movement  of  tlie  patient's  head,  move- 
ment of  the  ETT  by  the  patient's  tongue,  traction  on  an  ETT 
connected  to  a  ventilator  circuit,  routine  ETT  care,  repositioning 
of  the  patient,  or  self-extubation.  It  is  interesting  to  note  that 
at  least  one  study  has  shown  that  many  patients  who  extubate 
themselves  do  not  require  reintubation.'  Although  nasal  tubes 
are  believed  to  be  more  stable.  Coppolo  and  May'  found  no 
significant  difference  in  the  incidence  of  unintended  extubation 
between  patients  who  were  intubated  orally  or  nasally.  In  con- 
trast, a  study  by  Bach  et  aH  revealed  a  higher  incidence  of  un- 
intended extubation  and  mainstem  intubation  with  subsequent 
atelectasis  in  orotracheally  intubated  patients.  In  either  case, 
the  ETT  should  be  carefully  secured  and  meticulous  atten- 
tion paid  to  care  of  the  skin. 

Finally,  paranasal  sinusitis  is  a  well  described  complica- 
tion of  nasotracheal  intubation.^  **  The  immunocompromised 
patient  and  the  head-injured  patient  with  blood  in  the  sinuses 
may  be  at  higher  risk  of  developing  clinically  important  sinus- 
itis. After  5  days  of  nasal  intubation,  the  risk  of  sinusitis  in- 
creases dramatically.''  In  one  study,  the  incidence  of  sinusi- 
tis in  nasotracheally  intubated  patients  was  43%  versus  1.8% 
in  the  orotracheally  intubated  grtiup.'  Furthermore,  nasotracheal 
intubation  has  been  associated  not  only  with  a  higher  inci- 
dence of  maxillary  sinusitis  but  also  with  more  extensive  dis- 
ease, with  infection  spreading  to  frontal,  ethmoidal,  and  sphe- 
noidal sinuses.'  Michelson  et  al*"  have  reported  that,  in  nasal- 
ly intubated  patients,  the  incidence  of  bilateral  sinusitis  is 
significantly  higher  and  its  onset  earlier.  The  mechanism  of 
sinusitis  development  may  relate  to  injury  to  the  sinus  ostia 
induced  by  nasal  tube  insertion,  resulting  in  edema  and  sub- 
sequent mechanical  obstruction  of  the  ostia.  However,  the  find- 
ings of  one  study  stand  in  contrast  to  these  findings.  Holzapfel 
et  af  found  no  statistically  significant  difference  in  the  oc- 
currence rate  of  nosocomial  sinusitis  in  nasally  versus  oral- 
ly intubated  patients.  He  and  his  collegues  did  find  a  trend 
that  su^'-csted  less  sinusitis  in  those  with  oral  tubes.  Diag- 


nosis of  severe  sinusitis  is  probably  best  made  by  computer- 
ized tomography  (CT),  especially  in  cases  of  sphenoid  or  pansi- 
nusitis. However,  fever  and  purulent  discharge  in  combina- 
tion with  bedside  radiography  (Water's  view)  or  ultrasound 
may  be  sufficient  to  establish  the  diagnosis. 

Treatment  of  severe  sinusitis  must  be  instituted  prompt- 
ly because  of  the  potential  for  sepsis  and  serious  intracra- 
nial infection.  When  severe  sinusitis  is  suspected,  one  should 
remove  all  tubes  from  the  nasal  passages  including  nasogas- 
tric (NG)  tubes,  institute  broad  spectrum  antibiotics,  and  ini- 
tiate a  course  of  oxymetazoline  HCl.  If  these  measures  fail 
or  in  cases  of  pansinusitis  or  life-threatening  sepsis,  drainage 
is  recommended.  As  a  result  of  the  serious  nature  of  sinusitis 
and  the  possibly  higher  risk  of  sinusitis  in  the  nasotracheally 
intubated  patient,  orotracheal  intubation  may  be  more  de- 
sirable for  long-term  care. 

Apparent  Endotracheal-Tube-Cuff  Leaks 

Air  leak  around  an  endotracheal  tube  is  a  common  prob- 
lem in  patients  requiring  mechanical  ventilation.  Stauffer  et 
al'  noted  an  1 1  %  incidence  in  their  study  of  226  intubations 
in  150  patients.  Rashkin  and  Davis'"  noted  an  air  leak  in  15 
of  61  patients  during  a  study  of  acute  complications  of  en- 
dotracheal intubation,  and  12  of  tliese  15  patients  required  rein- 
tubation.  Small  leaks  may  be  simply  an  annoyance  and  may 
not  constitute  an  emergency.  However,  leaks  can  impair  ad- 
equate ventilation  and  place  the  patient  at  risk  for  aspiration 
of  gastric  contents.  TTie  causes  of  apparent  cuff  leaks  are  sum- 
marized in  Table  2. 

Table  2.      Factors  Giving  Rise  to  Inability  To  Pnn  ide  Leak-Free 
Ventilation 

Incorrect  cuff  position 

Tube  size  too  small 

Leak  in  balloon/valve  system 

True  cuff  leak 

Tracheomalacia 

Tracheoesophageal  fistula 


Adapted  from  Rel'e 


:  2,  with  pe 


The  most  frequent  cause  of  leaks  luound  the  cuff  is  incoirect 
positioning  of  the  ETT.  In  a  study  by  Kearl  and  Hooper"  to 
determine  the  abnormalities  present  in  ETTs  removed  due  to 
"massive  air  leak,"  they  found  that  61%  of  those  tubes  had 
no  mechanical  fault.  They  concluded  that  tube  malposition 
caused  the  leaks.  In  general,  oral  ETTs  lue  properly  positioned 
at  2.3  cm  at  the  upper  teeth  in  men  and  ;it  2 1  cm  in  women  (Fig. 
I ).-  For  nasally  placed  tubes,  approximately  3  cm  of  additional 
distance  is  needed  for  proper  positioning.  These  depths  of  in- 
sertion usually  place  the  tube  cuff  sufficiently  below  the  xocal 
cords  and  yet  nitike  endobronchial  intubation  unlikely.  How- 
ever, unusti;ill\  tall  or  short  persons  may  require  atljustmcnts 
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based  on  bronchoscopic  or  radiographic  location  of  the  tube. 
A  leak  is  likely  to  develop  if  the  cuff  protrudes  above  the  vocal 
cords,  and  large  cuff  volumes  may  be  required  to  seal  the  air- 
way. Laryngoscopic  examination  or  even  visual  inspection 
of  the  oropharynx  usually  identifies  this  condition. 


VOCAL 
CORDS 


Fig.  1 .  Diagrammatic  representation  of  key  distances  related  to  po- 
sitioning of  the  endotracheal  tube.  (Reprinted  from  Reference  2, 
withi  permission.) 


Once  proper  position  is  achieved,  it  is  essential  to  docu- 
ment the  distance  to  the  upper  teeth  or  gums  as  indicated  by 
the  markings  on  the  ETT.  This  may  be  difficult  because  the 
tape  used  to  secure  the  tube  may  hide  these  markings.  One 
method  suggested  to  overcome  this  problem  is  to  use  a  tongue 
blade  to  measure  the  distance  either  from  the  upper  gums,  the 
top  front  teeth,  or  the  external  nares  to  the  proximal  end  of  the 
ETT  adapter,  once  correct  position  has  been  confirmed.  The 
distance  is  marked  on  the  tongue  blade,  and  this  measurement 
is  u.sed  periodically  to  ensure  correct  tube  positioning. '- 

Leaks  due  to  inappropriately  small  ETTs  are  uncommon 
in  adults,  but  they  can  occur.  Patients  with  tracheobron- 
chomegaly or  emphysematous  patients  with  large,  compli- 
ant airways  may  require  a  larger  ETT.  The  highly  compli- 
ant airways  found  in  emphysematous  patients  enlarge  to  a 
greater  extent  than  do  normal  airways  in  the  presence  of  pos- 
itive pressure.-  Furthermore,  in  a  model  of  the  trachea,  it  has 
been  shown  that  higher  intracuff  pressures  are  required  to  main- 
tain an  airway  seal  in  the  face  of  high  peak-inspiratory  pres- 
sures in  patients  with  decreased  lung  compliance."  Tliis  phe- 
nomenon may  account  for  some  leaks,  especially  in  patients 
with  smaller  ETTs. 

Airway  leaks  due  to  defects  in  either  the  pilot  valve-bal- 
loon apparatus  or  cuff  are  less  likely  than  leaks  due  to  tube 
malposition.  In  the  study  by  Kearl  and  Hooper,"  it  was  found 
that  pilot- valve  problems  occurred  in  1 1  %  of  tubes,  and  cuff 
defects  were  present  in  28%.  True  leaks  of  the  ETT  cuff  are 
usually  detected  immediately  after  intubation  and  general- 


ly are  due  to  tears  caused  by  the  teeth,  nasal  turbinates,  or  Mag- 
ill  forceps.  Cuff  perforations  occur  more  frequently  in  nasal- 
ly placed  ETTs.  A  leak  due  to  cuff  perforation  should  be  sus- 
pected when  the  normal  resistance  to  complete  cuff  inflation 
is  lost.  In  addition,  with  the  loss  of  cuff  integrity,  the  increa.sed 
resistance  felt  upon  complete  cuff  deflation  is  also  lost.  In 
these  cases,  the  cuff  may  not  be  seen  on  chest  radiograph  and 
may  not  be  palpable  in  the  suprasternal  notch.  The  use  of  a 
continuous  flow  device  to  maintain  inflation  of  a  leaking  cuft' 
has  been  described  and  could  be  used  as  a  temporary  mea- 
sure.'^ Late  occurring  leaks  are  more  common  in  the  pilot- 
valve  apparatus  than  in  the  cuff.  In  the  case  of  a  valve  leak, 
a  3-way  stopcock  or  T-connector  can  be  placed  to  maintain 
a  seal.  If  the  valve  housing  or  balloon  is  disrupted,  the  con- 
necting tubing  can  be  cut  and  an  alcohol-lubricated  22-gauge 
angiocatheter  inserted  into  the  tubing,  the  stopcock  recon- 
nected, and  the  seal  verified. 

Finally,  physical  abnomialities  of  the  airway  or  structural 
complications  of  intubation  can  cause  leaks.  Tracheomala- 
cia, tracheal  diverticula,  tracheal  cysts  or  tumors,  and  tracheo- 
esophageal fistula  may  all  result  in  difficulty  sealing  the  air- 
way. In  the  case  of  tracheomalacia,  the  ETT  can  be  advanced 
to  a  different  site  in  the  trachea  to  achieve  an  adequate  seal 
or  simply  be  replaced  with  a  laiger  tube.  An  ETT  with  a  large, 
low-pressure  foam-filled  cuff  intrcxiuced  by  Kamen  and  Wilkin- 
son (Bivona  Surgical,  Hammond  IN)  may  help  in  this  situ- 
ation. A  cuff  seal  is  not  necessary  if  the  patient  can  be  suc- 
cessfully ventilated  with  some  form  of  high-frequency  jet  ven- 
tilation, which  provides  high  flows  and,  thus,  decreases  the 
leak.  However,  the  airway  will  not  be  protected  from  aspi- 
ration of  secretions  or  gastric  contents. 

Endotracheal  Tube  Size 

We  have  already  addressed  the  contribution  of  ETT  size 
to  the  development  of  airway  leaks,  and  we  now  focus  on 
3  other  common  considerations  with  respect  to  ETT  size: 
fiberoptic  bronchoscopy,  weaning  from  mechanical  venti- 
lation, and  inadvertent  or  intrinsic  positive  end-expiratory 
pressure  (auto-PEEP). 

Meeting  the  ETT-size  requirement  for  bronchoscopy  is 
a  common  clinical  problem.  Bronchoscopists  generally  pre- 
fer an  ETT  with  an  internal  diameter  (ID)  larger  than  7.0  mm. 
When  an  adult  flexible  bronchoscope  with  a  4.9-mm  outer 
diameter  (OD)  is  placed  into  a  7.0-mm  ETT,  a  cross-sectional 
area  equivalent  only  to  a  5.0-mm  ID  ETT  remains  for  ven- 
tilation around  the  bronchoscope.  This  may  lead  both  to  dif- 
ficulty ventilating  the  patient  (especially  those  requiring  max- 
imum ventilatory  support)  and  to  the  development  of  auto- 
PEEP  and  hyperinflation.  The  same  bronchoscope  inserted 
into  an  8.0-nim  ETT  allows  for  an  airway  equivalent  in  cross- 
sectional  area  to  that  of  a  6.0-mm  ETT,  which  may  allow 
for  better  ventilatory  support  of  the  patient.-  However,  as 
we  discuss  in  the  next  section,  changing  the  ETT  can  be  a 
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high-risk  procedure.  There  are  alternatives  to  changing  the 
ETT  if  bronchoscopy  is  necessary.  The  procedure  can  be  per- 
formed through  a  7.0-mm  ETT  with  careful  monitoring  of 
the  patient's  ventilatory  status  and  adjustments  of  ventila- 
tory settings  or  manual  ventilation,  as  needed.  The  bron- 
choscope can  be  inserted  through  the  glottis  anterior  to  the 
ETT,  although  this  may  result  in  a  massive  air  leak  in  pa- 
tients with  low  compliance,  potentially  compromising  ven- 
tilation. A  pediatric  bronchoscope  can  also  be  used  and  should 
be  long  enough  for  most  purposes.  At  our  institution,  we  at- 
tempt to  intubate  all  adult  patients  in  the  ICU  with  at  least 
a  7.5-mm  ETT  to  provide  adequate  ventilatory  support  if  bron- 
choscopy is  performed. 

Tube  size  is  also  an  issue  in  weaning  from  mechanical  ven- 
tilation because  of  the  concern  over  increased  work  of  breath- 
ing. Under  laminar  flow  conditions,  ETTs  cause  airflow  re- 
sistance that  is  directly  proportional  to  their  length  and  inversely 
proportional  to  the  fourth  power  of  their  internal  radius.  As 
the  inner  diameter  of  the  tube  decreases,  breathing  becomes 
more  difficult.  However,  the  issue  is  whether  this  is  clinically 
important  and  worth  exposing  the  patient  to  the  risk  of  chang- 
ing the  ETT.  The  results  of  a  number  of  studies  examining 
the  work  of  breathing  show  that  the  increased  work  of  breath- 
ing experienced  in  going  from  a  8.0-mm  ETT  to  a  7.0-mm 
ETT  is  not  great  and  can  be  easily  overcome,  if  need  be,  by 
the  addition  of  a  small  amount  of  pressure  support.-'''  '^  Weiss- 
m;ui  has  recently  shown  that  7.0-  and  8.0-mm  ETTs  cause  min- 
imal limitations  to  airflow  with  the  small  volumes  and  low 
flows  observed  during  tidal  breathing. '**  If  a  patient  cannot 
tolerate  the  minimal  added  work  required  to  breathe  through 
the  smaller,  7.0-mm  ETT,  the  patient's  ability  to  cope  with 
the  added  stresses  of  clearing  secretions  and  preventing  at- 
electasis after  extubation  must  be  questioned. 

Finally,  dynamic  hyperinflation  and,  thus,  auto-PEEP  can 
occur  as  a  result  of  a  small  ETT  in  the  patient  with  obstruc- 
tive lung  disease  who  requires  a  high  level  of  ventilation.  Auto- 
PEEP,  or  intrinsic  PEEP,  is  the  resulting  positive  recoil  pres- 
sure present  at  end  expiration  when  the  lungs  fail  to  return 
to  their  true  relaxation  volume  or  functional  residual  capac- 
ity.'*' In  contrast,  extrinsic  PEEP  is  a  pressure  intentionally 
applied  through  the  external  ventilator  circuit.  Auto-PEEP  can 
be  minimized  either  by  decreasing  ventilation  (often  difficult 
in  the  critically  ill  patient)  or  by  increasing  expiratory  time. 
This  latter  goal  can  be  achieved  either  by  changing  the  in- 
spiratory-to-expiratory-time  ratio,  decreasing  the  respirato- 
ry rate,  or  increasing  inspiratory  Hows,  which  also  reduces 
inspiratory  time.-" 

Chanj;iii>i  the  Knclotracheal  'rube 

We  have  addressed  many  of  the  reasons  why  an  ETT  may 
have  to  be  replaced,  and  now  we  focus  on  the  methods  to 
achieve  this  goal  safely.  Before  a  lube  is  changed,  those  in- 
voked in  ihe  care  of  the  palicnl  shouki  be  aware  of  the  major 


risks  of  the  procedure,  which  include  aspiration  of  gastric 
contents  and  inability  to  reintubate  the  trachea  with  resultant 
hypoxic  brain  injury  or  death.  The  presence  of  an  individual 
skilled  in  airway  management  is  essential  as  is  all  neces- 
sary equipment  (such  as  manual  resuscitator.  supplemen- 
tal oxygen  mask,  oral  airways,  suction  source  and  catheters, 
and  all  necessary  airway  instruments)  before  any  airway 
manipulation  is  undertaken.  If  possible,  the  ETT  should  be 
changed  under  direct  laryngoscopic  vision  with  the  aid  of 
topical  anesthesia,  glossopharyngeal  and  superior  laryngeal 
nerve  blocks,  and  minimal  or  no  sedation.-'  Adequate  vi- 
sualization of  the  glottis  should  be  achieved  before  the  old 
ETT  is  removed.  Before  the  ETT  is  changed,  pharyngeal 
suctioning  should  be  performed  and  a  vagolytic  drug  (eg, 
glycopyrrolate,  0.2-0.4  mg  I.V.)  administered  to  minimize 
secretions  and  the  chance  of  bronchospasm.  Muscle  relaxants 
and  intravenous  anesthetics  can  be  used  in  special  situations: 
again,  it  is  advisable  to  remove  the  old  ETT  under  direct 
vision  with  a  good  view  of  the  glottis.  Direct  laryngoscopy 
may  be  more  difficult  in  an  anesthetized  and  relaxed  pa- 
tient compared  to  an  awake  patient  because  the  larynx  may 
then  become  more  anterior  relative  to  other  structures. -- 
If  direct  laryngoscopy  does  not  provide  adequate  visu- 
alization, an  alternative  is  to  use  a  stylet,  which  when  placed 
into  the  ETT  prior  to  extubation  serves  as  an  intratracheal 
guide  for  reintubation.  An  NG  tube  can  be  used,  but  its  flex- 
ibility may  hinder  the  passage  of  the  new  ETT  into  the  tra- 
chea. The  pliable  NG  tube  may  enter  the  periphery  rather  than 
the  center  of  the  glottis,  causing  the  ETT  to  be  caught  on  the 
epiglottis  or.  more  commonly,  on  the  posterior  commissure 
of  the  glottic  opening.  Manipulation  of  the  neck.  ETT.  and 
NG  tube,  or  use  of  a  smaller  ETT  may  permit  successful  pas- 
sage. However,  as  the  NG  tube  warms  to  body  temperature, 
its  flexibility  may  increase,  further  impairing  its  use  as  a  guide. 
Cooling  the  NG  tube  in  ice  water  prior  to  use  may  be  help- 
ful.-' Coveler-''  has  reported  using  an  18-French  Salem  Sump 
tube  with  the  proximal  end  cut  off  to  allow  direct  connec- 
tion to  a  jet  ventilator.  In  this  fashion,  the  patient  can  be  ven- 
tilated while  the  tube  is  being  changed.  The  Eschmann  in- 
troducer is  a  more  rigid  device  available  in  several  sizes  and 
may  be  a  more  reliable  ETT  changer  than  an  NG  tube  (Es- 
chmann Health  Care,  West  Sussex,  England).  This  introducer 
can  also  be  used  as  a  stylet  to  aid  in  blind  oral  intubation.  It 
can  be  modified  as  described  by  Artru  et  al-'  to  permit  mea- 
surement of  end-tidal  CO:.  At  least  two  other  tube  chang- 
ers are  available:  the  Sheridan  TTX^"  tracheal  tube  exchanger 
in  small,  medium,  and  large  sizes — medium  being  for  tube 
sizes  6.0-  to  8..'i-mm  ID  (Sheridan  Catheter  Corp  Argyle,  NY), 
and  the  Cook  Airway  Exchange  Catheter  (Cook  Ciitical  Care. 
Bloominglon  IN)  (Fig.  2).  The  Cook  catheter  is  longer,  stiffer. 
and  thicker  than  the  Sheridan  and  has  attachable  connectors 
for  conventional  ( l.'S-mm)  andjet  (Luer-Lok)  circuits.  Again, 
these  hiintl  slylel  techniques  are  not  fully  dependable,  and 
il  may  prove  impossible  to  pass  the  ETT  into  the  trachea.  Fur- 
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Fig.  2.  Photographs  of  two  endotracheal  tube  changers.  A.  The 
Sheridan  TTX™  tracheal  tube  exchanger.  B.  The  Cook  Airway 
Exchange  Catheter. 


llKTnn)ie.  these  stylets  can  cause  damage  to  the  tracheal  mu- 
cosa and  lung  laceration.-'' 

A  "Jet-stylet"  endotracheal  catheter  may  provide  additional 
safety  during  an  ETT  change.  A  jet  stylet  is  a  hollow,  semi- 
rigid catheter  that  is  inserted  through  an  in  situ  ETT  before 
extubation.  After  the  ETT  is  removed  over  the  stylet,  the  stylet 
can  serve  both  to  ventilate  the  patient  (the  jet  function),  and 
as  a  guide  for  reintubation  (the  stylet  function).  Gaughan  et 
al-^  have  shown  that  the  jet  stylet  is  capable  of  providing  a 
minute  ventilation  consistent  with  total  ventilatory  support 
for  most  clinical  situations.  A  simple  and  interesting  method 
of  changing  a  nasal  tube  to  an  oral  tube  has  been  reported. 
After  removing  the  ETT  adapter  and  detlating  the  cuff,  the 
operator  advances  the  ETT  (and  the  pilot  balloon)  all  the  way 
through  the  nose  until  the  proximal  end  of  the  tube  can  be 
grasped  with  a  hemostat  and  withdrawn  through  the  mt)uth. 
The  adapter  is  then  replaced,  the  cuff  reinflated,  and  venti- 
lation resumed. -*' 

There  are  three  methods  by  which  the  flexible  fiberoptic 
bronchoscope  (FOB)  can  be  used  to  change  the  ETT.  In  the 
first  method,  a  new  ETT  is  placed  over  the  FOB,  and  the  scope 
is  then  passed  well  into  the  trachea  alongside  the  ETT  to  be 
replaced,  after  slightly  deflating  the  cuff.  The  old  tube  is  re- 
moved, and  the  new  one  passed  into  position.  If  there  is  not 
sufficient  room  to  pass  the  FOB  into  the  trachea,  the  old  tube 
can  be  removed  under  direct  fiberoptic  visualization,  and  sub- 
sequently the  FOB  can  be  placed  into  the  trachea.  This  lat- 
ter technique  may  not  be  as  certain  a  method  of  securing  the 
airway  because  the  view  may  become  obscured  after  tube  re- 
moval. These  two  methods  permit  conversion  of  a  nasally 
placed  ETT  to  an  oral  one  and  vice  versa.  The  third  method 
allows  only  for  changing  tubes  from  nasal  to  nasal  or  oral  to 
oral.  In  this  method  described  by  Hudes  et  al.-"'  a  new  ETT 
is  first  placed  over  the  scope,  and  the  FOB  is  then  placed 
through  the  existing  ETT  after  removal  of  the  15-mm  con- 
nector. The  old  tube  is  cut  away  with  a  No.  1 1  scalpel  blade 
pointed  away  from  the  FOB  as  it  is  withdrawn.  After  the  old 
tube  is  completely  removed,  the  new  one  is  inserted.-''  Be- 
numof"  described  a  combination  of  techniques  in  a  patient 
with  a  difficult  airway  who  required  replacement  of  a  nasal 
tube  with  an  oral  tutie.  In  this  ca.se,  the  FOB  was  placed  through 
a  new  ETT  and  then  inseiled  into  the  patient's  trachea  via  the 
oral  route.  A  Sheridan  tube  exchanger  was  passed  through  the 
nasally  placed  ETT  until  it  could  be  visualized  just  above  the 
carina  by  the  FOB.  The  nasally  placed  ETT  was  removed  over 
the  tube  exchanger,  and  the  orotracheal  tube  was  passed  over 
the  FOB  into  the  trachea.  The  FOB  was  withdrawn  and  after 
confirmation  of  correct  tube  placement  with  capnography,  the 
tube  exchanger  was  removed."'  The  value  of  this  method  is 
that,  if  the  new  ETT  cannot  be  passed  into  the  trachea,  the  pa- 
tient can  be  jet  ventilated  either  through  the  tube  exchang- 
er or  through  the  suction  port  of  the  FOB,  allowing  further 
attempts  at  passage  of  the  ETT  or  semi-elective  performance 
of  either  cricothyrotomy  or  tracheostomy. 
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Laryngotracheal  Injury  from  Endotracheal  Intubation 

Many,  perhaps  mcist,  standard  ETTs  used  today  are  com- 
posed of  polyvinyl  chloride  with  high-volume,  low-pressure 
cuffs.  The  advantage  of  this  material  over  red  rubber  and  sil- 
icone is  its  ability  to  soften  at  body  temperature,  which  pro- 
vides a  stiffer  tube  for  intubation  that  softens  after  placement, 
decreasing  the  pressure  on  laryngotracheal  mucosa.  However, 
despite  these  advantages,  the  possibility  of  pressure-point  in- 
juries at  two  levels  exists:  glottic  injury  due  to  pressure  ex- 
erted by  the  wall  of  the  tube,  and  tracheal  injury  due  to  pres- 
sure generated  by  the  cuff  or  tip. 

Laryngeal  complications  of  endotracheal  intubation  re- 
sult from  pressure  exerted  by  the  tube  on  3  structures:  the 
cricoid  cartilage  and  the  2  vocal  processes  of  the  arytenoids. 
Mucosal  injury  of  the  larynx  may  occur  in  the  majority  of 
intubated  patients.  In  a  dog  model,  Weymuller"  has  docu- 
mented by  fluorescein  perfusion  that  ischemia  is  occurring 
within  the  first  few  hours  of  intubation  due  to  the  pressure 
exerted  by  the  wall  of  the  ETT,  which  may  exceed  the  capil- 
lary perfusion  pressure  of  the  tracheal  mucosa.  Santos,  Afri- 
assiabi,  and  Weymuller'-  showed  that  after  a  mean  of  10  days 
of  intubation,  nearly  all  (94%)  patients  evaluated  exhibited 
vocal  cord  erythema  and  67%  had  vocal  cord  ulceration.  In- 
jury at  these  sites  is  probably  exacerbated  by  larger  tube  size 
and  movement  of  the  tube  against  the  larynx  during  neck  or 
tube  displacement.  Laryngeal  mucosal  injury  can  lead  to  se- 
rious complications  of  intubation:  abscess  in  the  retrocricoid 
region  of  the  larynx  and  laryngeal  stenosis.  The  presence  of 
a  cricoid  abscess  is  suggested  by  the  development  of  severe 
pain  in  the  region  of  the  larynx  and  may  require  antibiotic 
treatment  and  drainage. 

The  risk  of  laryngeal  stenosis  is  high  when  the  laryngeal 
injury  is  severe  and  deep  ulceration  has  developed.  Healing 
causes  normal  laryngeal  structures  to  be  replaced  with  scar 
tissue,  leading  to  narrowing  of  the  lumen  and  limitation  of 
movement.  The  exact  incidence  of  laryngeal  .stenosis  is  con- 
troversial. Whited"'  prospectively  studied  200  patients  who 
were  intubated  for  prolonged  periods  and  found  a  14%  in- 
cidence of  clinically  important  laryngeal  stenosis  in  those  pa- 
tients intubated  for  more  than  10  days.  In  contrast,  a  review 
by  Bishop  et  al "( including  Weymuller)  cite  a  0-1%-  incidence 
of  ETT-related  laryngeal  stenosis.  Their  review  of  all  patients 
intubated  for  inore  than  10  days  in  1981  from  the  Harborview 
Medical  Center  revealed  that  in  39  of  80  patients  who  sur- 
vived hospitalization,  none  of  the  survivors  had  long-temi  laryn- 
geal problems.  The  reason  for  the  difference  in  these  stud- 
ies reinains  unclear. 

Tracheal  injuries  have  been  markedly  reduced  by  the  use 
of  ETTs  with  high-volume,  low-pressure  cuffs.  Tlie  high-pres- 
sure cuffs  in  use  until  the  I97()s  created  a  seal  by  deforming 
the  trachea  around  the  inflated  culT.  In  contrast,  modern  cult's 
achieve  a  seal  by  providing  a  larger  surface  area  tor  contact 
with  the  mucosa,  consequently  lowering  the  incidence  of  is- 


chemia and  severe  injury.  However,  despite  these  advances, 
it  is  essential  to  realize  that  a  modern  cuff  can  be  inflated  to 
pressures  that  induce  injury.  In  order  to  avoid  injury,  it  is  rec- 
ommended that  cuff  pressures  be  measured  throughout  any 
prolonged  intubation  and  be  kept  <  25  cm  H2O.'''  In  order  for 
the  cuff  to  protect  against  aspiration  of  gastric  contents,  a  cuff 
pressure  of  20-25  cm  HiO  is  needed.  It  seems  clear  that  it  is 
not  always  a  simple  task  to  provide  leak-free  ventilation  and 
protection  from  pulmonary  aspiration,  and  to  avoid  tracheal 
injury  due  to  excessive  cuff  pressure. 

Accumulating  data  suggest  that  even  cuff  pressures  below 
25  cm  H2O  can  lead  to  tracheal  injury.  Stauffer  et  al  have 
shown  that  prolonged  intubation  with  cuff  pressures  >  20  cm 
H2O  is  a  significant  conelate  of  tracheal  injury.  In  an  autopsy 
study,  Donnelly-''^  demonstrated  a  significant  correlation  be- 
tween duration  of  intubation  and  laryngotracheal  injur\'.  Bune- 
gin  et  al"  have  suggested  that  the  application  of  the  "max- 
imum safe"  pressure  of  20-25  cm  HiO  may  still  have  neg- 
ative consequences  because  mucosal  capillary  perfusion 
pressure  may  not  exceed  30  mm  Hg  (1  mm  Hg  =  1.36  cm 
H2O).  Their  study  revealed  that  application  of  a  pressure  of 
20  mm  Hg  to  the  tracheal  wall  reduces  tracheal  blood  flow 
by  75%  at  the  cuff  site.  In  a  canine  model,  tracheal  blood  flow 
initially  drops  57%  within  I  hour  of  application  of  a  cuff  pres- 
sure at  15  mm  Hg.  Unlike  the  brain,  the  trachea  is  unable  to 
autoregulate  its  blood  flow  during  hypotension,  further  in- 
creasing the  likelihood  of  injury  when  pressure  is  applied  to 
the  tracheal  mucosa."  As  a  resuk,  various  cuff-inflation  tech- 
niques have  been  advocated  to  minimize  tracheal  injury. 
Miller"  described  a  pressure  regulating  device  to  prevent  ex- 
cessive cuff  inflation  pressure,  and  Jaeger  et  al"*  have  used 
an  automatic,  intermittent  cuff  inflater.  However,  whether  these 
methods  can  help  reduce  injury  is  debatable.  In  1976,  Powas- 
er  et  aH"  showed  that  hourly  cuff  deflation  was  ineffective 
in  reducing  the  extent  of  cuff-induced  injury.  Fortunately,  al- 
though some  degree  of  tracheal  injury  may  be  common  at  the 
cuff  site,  severe,  function-limiting  stenosis  is  uncommon.  Di- 
agnosis involves  tracheal  radiographs,  fluoroscopy,  and  en- 
doscopic examination,  with  tracheal  dilatation  on  radiograph 
often  being  the  first  sign  of  injury. 

The  occurrence  of  a  tracheoesophageal  fistula  is  a  rare  com- 
plication of  intubation.  It  usually  develops  slowly,  and  the  first 
sign  is  often  a  cuff  leak.  Risk  factors  include  high  cuff  and 
airway  pressures,  motion  of  the  ETT,  length  of  intubation,  the 
presence  of  an  NG  tube,  and  the  use  of  steroids.  Treatment 
is  difficult,  and  mortality  is  high;  so,  the  emphasis  should  be 
on  prevention. 

Extubation 

Once  the  patient  has  been  successfully  weaned  from  ven- 
tilatory support,  extubation  can  usually  take  place.  All  equip- 
ment and  personnel  needed  for  reintubation  should  be  avail- 
able. The  mouth,  nose,  pharynx,  ETT.  and  NG  tube  should 
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be  adequately  suctioned,  and  the  patient  should  breathe  100% 
oxygen  for  2  to  5  minutes.  The  suction  catheter  should  not 
remain  in  the  airway  with  suction  applied  as  the  ETT  is  re- 
moved because  it  may  impair  adequate  oxygenation  during 
extubation.  Excessive  suctioning  should  be  avoided  because 
it  may  stimulate  coughing  and  bronchospasm,  resulting  in  hy- 
poxia, hypertension,  and  tachycardia.  Furthermore,  overzeal- 
ous  suctioning  can  cause  uvular  trauma.'"  The  use  of  intra- 
venous lidocaine  prior  to  extubation  is  not  recommended  be- 
cau.se  it  can  cause  transient  respiratory  depression  in  some 
patients;  and,  as  Paulissian  et  al"*-  have  shown,  it  does  not  mod- 
ify the  modest  hemodynamic  responses  of  extubation.  Just 
prior  to  extubation,  the  patient  should  be  given  a  large,  sus- 
tained breath,  at  which  time  the  cuff  is  deflated  and  the  ETT 
removed.  This  sequence  dictates  that  the  first  postextubation 
event  be  a  forceful  cough,  clearing  the  airway  and  vocal  cords 
of  secretions  and  reducing  the  incidence  of  postextubation  laryn- 
gospasm  and  breath  holding.--  A  "passive  cough"  method  has 
been  advocated  as  an  alternate  method  of  extubation.  After 
adequate  preoxygenation,  the  pressure  relief  valve  of  the  ven- 
tilator is  closed,  and  one  or  two  breaths  are  administered.  When 
the  intrathoracic  pressure  has  ri.sen  to  5-10  cm  H^O.  the  cuff 
is  deflated  and  the  trachea  extubated.-*-* 

After  extubation,  sore  throat  and  hoarseness  are  relatively 
common.  The  incidence  of  hoarseness  in  patients  intubat- 
ed only  for  the  length  of  a  surgical  procedure  is  about  32%.'" 
Vocal  cord  paralysis  noted  at  the  time  of  extubation  is  rare. 
It  may  result  from  surgery  or  trauma  in  the  region  of  the  vagus 
or  recurrent  laryngeal  nerves  or  to  injury  induced  by  the  ETT. 
Laryngeal  dysfunction  leading  to  inability  to  protect  the  air- 
way from  aspiration  for  a  prolonged  period  after  long-term 
intubation  can  be  a  serious  problem.  Consequently,  patients 
initially  should  be  fed  with  extreme  caution,  and  some  clin- 
icians advocate  withholding  all  oral  intake  for  24  hours  fol- 
lowing extubation.  Laryngospasm  is  another  potential  post- 
extubation problem.  This  can  be  treated  by  administering  gen- 
de  positive  pressure  by  mask  but  may  require  muscle  relaxants 
and  reintubation  if  severe. 

A  clinically  important  postextubation  problem  is  glottic 
edema,  which  can  cause  complete  airway  obstmction  and  make 
reintubation  necessary.  The  primary  clinical  symptom  is  .stri- 
dor that  usually  occurs  soon  after  extubation  but  may  take  sev- 
eral hours  to  become  severe.  Fortunately,  severe  stridor  after 
extubation  is  uncommon,  and  reassurance,  supplemental  oxy- 
gen, and  inhalation  of  cool,  bland  aerosols  of  water  are  usu- 
ally all  that  is  necessary.  Inhaled  racemic  epinephrine  is  the 
treatment  of  choice  if  clinically  important  edema  is  present."" 
(Levo-epinephrine,  the  active  component  in  racemic 
epinephrine,  vasoconstricts  the  edematous  tissue.)  Racemic 
epinephrine  has  been  shown  to  be  effective  in  cases  of  viral 
croup,  but  its  effectiveness  is  less  well  documented  in  cases 
of  traumatic  croup.  Treatments  may  need  to  be  repeated  fre- 
quently to  avoid  reintubation  and  should  be  guided  by  heart 
rate  and  severity  of  stridor  rather  than  by  an  exact  dosing  sched- 


ule. The  potential  for  recrudescence  of  stridor  3  to  4  hours 
after  treatment  needs  to  be  considered,  and  the  administra- 
tion of  dexamethasone  may  prevent  this  rebound.^'' 

Safe  tracheal  extubation  of  the  patient  with  a  difficult  air- 
way due  to  trauina,  surgery,  or  bums  is  a  challenge.  The  pres- 
ence of  a  leak  when  the  cuff  is  deflated  is  an  encouraging  but 
not  entirely  predictive  sign  of  airway  patency  after  extuba- 
tion. Successful  extubation  following  a  positive  cuff-leak  test 
is  likely.  However,  a  failed  cuff  leak  test  does  not  preclude 
uneventful  extubation.^'  If  difficulty  with  the  airway  is  an- 
ticipated, a  jet-sty  let  catheter  can  be  used  for  a  trial  of  extu- 
bation to  maintain  access  to  the  airway  and  to  oxygenate  and 
ventilate  the  patient  if  necessary.  The  FOB  can  also  be  used 
as  an  extubating  stylet  and  has  the  additional  advantages  of 
providing  suctioning  and  visualization  of  the  airway.  The  la- 
ryngeal mask  airway  may  have  a  place  in  managing  venti- 
latory support  of  the  extubated  patient  with  a  difficult  airway.""* 
Personnel  capable  of  rapidly  establishing  a  surgical  airway 
should  be  available  for  any  extubation  of  extreme  risk. 

In  Conclusion 

Despite  the  wide  use  and  apparent  benefit  of  airway  in- 
tubation for  critically  ill  individuals,  a  myriad  of  potential- 
ly serious  complications  can  occur.  In  this  review,  we  have 
attempted  to  highlight  some  of  these  issues  to  help  the  clin- 
ician identify  and  manage  common  problems  in  patients  re- 
quiring long-term  intubation. 
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Sleep  Apnea: 
AT  Risk? 


Is  Your  Patient 


Definition  and  Prevalence 

Sleep  apnea  is  a  seriDiis,  pDtentialK'  Iite-threaten- 
ing  condition.    It  is  a  breathint;  disorder  charac- 
terized by  repeated  collapse  ot  the  upper  airway 
during  sleep,  with  consequent  cessation  ot 
breathing.   Virtually  all  sleep  apnea  patients  have 
a  history  of  loud  snoring.  They  may  also  un- 
knowmgU  experience  frequent  arousals  during 
the  niglit,  resulting  in  chronic  daytime  sleepiness 
or  fatigue. 

Tiiere  are  two  tliscrete  types  ot  sleep  apnea: 
central  and  obstructive.   Central  sleep  apnea, 
characterized  b}-  a  lack  ot  airtlow  in  the  absence 
ot  ventilatory  cttort,  is  rare.  Obstructive  sleep 
apnea  is  much  more  common  and  is  referred  to  as 
sleep  apnea  hereafter.    It  is  characterizetl  by 
closure  of  the  upper  airway,  resulting  in  the 
cessation  ot  airflow  despite  persistent  \'entilatory 
effort.    Apnea  is  defined  as  cessation  of  airflow  tor 
more  th.m  10  seconds.   A  related  event, 
hypopnea,  is  characterized  by  a  reduction  in 
airtlow  associated  with  a  decrease  in  oxygen 
saturation.  The  average  number  of  apnea- 
hypopnea  events  per  hour  of  sleep  is  called  the 
apnea-hypopnea  index  (AHl).    Adults  may 
experience  up  to  five  e\ents  per  hour  without 
symptoms,    in  general,  as  AHl  increases,  so  does 
the  severity  of  symptoms.   An  AH!  of  five  or 
greater  in  combination  with  self-reportetl  hyper- 
stjmnolence  is  intlicative  ot  the  sleep  apnea 
syndrome.' 


Sleep  apnea  appears  to  be  as  ct)mmon  as  some 
better  known  diseases.    It  is  estimated  that   1 
percent  of  middle-aged  men  and  2  percent  ot 
middle-aged  women  meet  minimal  criteria  tor 
sleep  apnea  syndrome.'   This  compares  to  a  1.5 
percent  prevalence  of  asthma  in  middle-aged 
adults."   Sleep  apnea  is  more  prevalent  among  the 
obese,  in  males,  and  in  older  individuals.     There 
also  seems  to  be  a  higher  prevalence  ot  sleep 
apnea  in  the  hvpertensi\'e  population. 

Consequences  and  Comorbidity 

From  a  behavioral  standpoint,  sleep  apnea 
patients  usually  experience  but  may  or  may  not 
report  tiredness,  fatigue,  sleepiness,  memor\'  and 
judgment  problems,  irritability,  difficulty  concen- 
trating, and  personality  changes. '  Patients  with 
sleep  apnea  are  more  likely  to  tall  asleep  at 
inappropriate  times  and  have  a  higher  rate  of 
automobile  crashes'  and  work-related  accidents.' 

The  cardiovascular  s\'stem  is  also  ad\erselv 
affected  by  sleep  apnea.   Systemic  Inpertension 
has  been  reportei,!  in  up  to  50  percent  ot  patients 
with  sleep  apnea."  Mean  morning  blood  pressure 
has  been  shown  to  increase  almost  linearly  with 
increasing  apneic  acti\it\'  in  both  obese  and 
nonobesc  intlukliials.     Cardiac  arrh\thmias 
during  sleep  ha\e  also  been  associated  with  sleep 
apnea.   Usually  bradyarrythmias  are  observed,'' 
although  ventricular  tachycardia  is  noted  occa- 
sionalK'  111  cases  of  sex'erc  hvpoxemia. '   It  is 
possible  that  sice|->  apnea  (.ontributes  to  nnotar- 
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dial  ischemia,  and  even  myocardial  infarction,  in 
patients  with  coronary  artery  disease.'" 

A  small  subset  oi  patients  with  severe  sleep  apnea 
could  be  characterized  as  having  the  Pickwickian 
Syndrome  (also  known  as  obesity-hypoventilation 
syndrome),  which  consists  oi  daytime  hypcr- 
capnia  and  hypoxemia,  pulmonary  hypertension, 
polycythemia,  and  cpr  pulmonale." 

Identification  of  Patients  at  Risk  for 
Sleep  Apnea 

Patients  at  high  risk  for  sleep  apnea  are  those 
who  exhibit  loud,  chronic  snoring.   If  it  can  be 
confirmed  that  the  patient  does  not  snore,  sleep 
apnea  is  unlikely.   On  the  other  hand,  patients 
who  are  observed  to  have  apneic  events  character- 
ized by  choking  or  gasping  during  sleep  are 
definite  candidates  for  further  evaluation.   Bed 
partners  or  family  members  will  likely  need  to  be 


interviewed  in  order  to  obtain  accurate  informa- 
tion about  snoring  and  apneic  events. 

Obesity,  particularly  upper  body  obesity,  is  a  risk 
factor  for  sleep  apnea  and  has  been  shown  to  have 
a  significant  effect  on  its  severity.'-  Most  sleep 
apnea  patients  are  obese,  when  obesity  is  defined 
as  greater  than  120  percent  of  ideal  bt)dy 
weight.''   Large  neck  girth  in  both  male  and 
female  snorers  is  highly  predictive  of  sleep 
apnea.' '   In  general,  men  with  a  neck  circumfer- 
ence of  17  inches  or  greater  and  women  with  a 
neck  circumference  of  16  inches  or  greater  are  at 
a  higher  risk  for  sleep  apnea." 

Other  signs  and  symptoms  that  can  help  identify 
patients  at  risk  for  sleep  apnea  are  hypertension, 
excessive  daytime  sleepiness  (especially  dozing  off 
while  driving),  automobile  or  work-related 
accidents,  and  otherwise  unexplained  pulmonary 
hypertension  or  cor  pulmonale.   See  table  1. 


Table  1 


Patients  at  Risk  for  Sleep  Apnea 


Symptoms 

■  Chronic,  loud  snoring 

■  Gasping  or  choking  episodes  during  sleep 

■  Excessive  daytime  sleepiness  (especially  drowsy  driving) 

■  Automobile  or  work-related  accidents  due  to  fatigue 

■  Personality  changes  or  cognitive  difficulties  related  to  fatigue 

Signs 

■  Obesity,  especially  nuchal  obesity  (neck  size  >.17  inches  in  males,  >.I6  inches  in  females) 

■  Systemic  hypertension 

■  Nasopharyngeal  narrowing 

■  Pulmonary  hypertension  (rarely) 

■  Cor  pulmonale  (rarely) 
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If  a  patient  complains  of  sleepiness  but  does  not 
have  other  signs  and  symptoms  suggestive  of 
sleep  apnea,  a  review  ot  sleep  habits  may  be 
helpful  (e.g.,  how  many  hours  of  sleep  the  patient 
averages  per  night,  recent  changes  in  schedule, 
recent  lifestyle  changes).   The  patient  may  simply 
need  to  consider  ways  in  which  to  increase  the 
daily  amount  of  sleep.   It  the  patient  is  getting 
sufficient  sleep,  then  other  conditions  such  as 
narcolepsy  or  depression  should  be  considered. 

Sleep  apnea  is  also  seen  in  children.  Tonsillar 
hypertrophy  is  the  most  common  cause.   Chil- 
dren with  sleep  apnea  may  exhibit  different  signs 
and  symptoms  than  adults.   During  sleep, 
children  exhibit  snoring  and  labored  breathing. 
Features  compatible  with  sleep  apnea  include 
weight  loss  or  failure  to  gain  weight,  poor  school 
performance,  secondary  enuresis,  and  behavioral 
problems.'""" 

Diagnosis 

If  there  is  a  high  suspicion  of  sleep  apnea  after 
evaluating  a  patient,  a  sleep  study  is  indicated  to 
establish  a  diagnosis.  Currently,  polysomno- 
graphy, which  requires  an  overnight  stay  in  a 
sleep  laboratory,  is  the  optimum  test  for  diagnos- 
ing sleep  apnea.   It  includes  evaluation  of  sleep 
staging,  airflow  and  ventilatory  effort,  arterial 
oxygen  saturation,  electrocardiogram,  body 
position,  and  periodic  limb  movements. 
Polysomnography,  however,  may  not  be  readily 
available.  Other  options  to  consider  are  evalua- 
tion using  pulse  oximetry  and  portable  (home) 
monitoring  ot  cardiopulmonary  channels.   Al- 
though oximetry  is  currently  being  used  to 
diagnose  sleep  apnea,  its  sensitivity  and  specificity 
arc  controversial.''  A  variety  of  home  monitors 
arc  currently  available  or  being  developed  that 
can  record  both  cardiopulmonarv  p.irameters  (tor 
example,  airflow,  ventilator\'  ettort,  heart  rate, 
and  oxygen  saturation)  mu\  sleep  parameters  aiitl 
may  be  useful  m  iliagnosing  sleep  apnea. 


It  IS  imperative  that  a  sleep  study  be  interpreted 
b\-  someone  with  expertise  in  sleep  disorders  since 
an  accurate  diagnosis  is  crucial  tt)  avoid 
undertreatment  or  overtreatment  ot  patients. 

The  severity  ot  sympti)ms  will  determine  1k)w 
quickh'  a  sleep  study  should  be  obtained  and 
therapy  initiated.   Patients  who  report  falling 
asleep  while  driving  or  those  with  heart  failure  or 
angina  are  hi^h  pnunt)  for  a  sleep  study  and  rapid 
intervention.  Symptom  severity  along  with 
availability  ot  resources  will  determine  the  type  of 
study  and  referral  options. 

Treatment  Options 

Tile  goals  ot  treatment  tor  sleep  apnea  patients 
include  both  physiologic  and  symptomatic 
components.   Physiologic  goals  of  treatment 
include  eliminating  sleep  fragmentation,  apneas 
and  hypopneas,  and  oxygen  desaturation.  Symp- 
tomatic goals  include  eliminating  snoring  and 
sleepiness,  improving  qualit}'  ot  lite,  and  reducing 
or  eliminating  comorbidities.  Symptomatic 
improvement,  particularly  decreased  snoring, 
does  not  necessarily  correlate  with  physiologic 
improvement  or  decreased  morbidity. 

Therapy  decisions  must  be  individualized  and  are 
often  accomplished  in  consultation  witli  sleep 
apnea  specialists.   See  table  1. 

Behavioral  Approaches 

Behavioral  meastires  may  be  the  only  treatment 
needed  tor  patients  with  mild  sleep  apnea. 
Behavioral  inter\entu)ns  include  losing  weight, 
eliminating  evening  alcohol  and  sedatives,  and 
proper  positioning  (avoiding  the  supine  position 
in  bed).    Although  weight  loss  (accomplished 
through  a  comprehensive  program  or  surgery) 
may  be  difficult  to  achieve,  it  can  be  very  effec- 
tive and,  in  some  cases,  even  curative.""' 
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Table  2 


Treatment  of  Sleep  Apnea 


Moditkation  of  behavioral  factors 

-  Weight  loss  (including  exercise  regime) 

-  Avoidance  of  alcohol  and  sedatives  before  sleep 

-  Avoidance  of  supine  sleep  position 
Nasal  CPAP 

-  Noninvasive 

-  Very  effective 

-  Patient  adherence  variable 
Oral/dental  devices 

-  May  be  useful  in  mild-to-moderate  cases 

-  Not  uniformly  effective 

Surgical  procedures  (UPPR  nasal  surgery,  tonsillectomy,  LAUP  maxillofacial  surgery, 
tracheostomy) 

-  Invasive 

-  Not  uniformly  effective 

-  May  carry  risk 

-  Repeat  sleep  study  is  necessary  after  each  procedure 


Patients  with  mild  symptoms  may  experience 
improvement  using  behavioral  technic]ues  alone. 
Appropriate  behavioral  treatment  should  be 
implemented  for  all  patients,  even  those  requir- 
ing additit)nal  interventions. 

Patients  treated  with  behavioral  techniques 
should  be  reevaluated  periodically  after  initiation 
of  treatment.    For  patients  who  have  improved, 
continued  support  and  positive  reinforcement  can 
sustain  their  adherence  and  success.    In  those 
patients  who  continue  to  experience  symptoms, 
other  therapies  are  warranted. 


Nasal  Continuous  Positive  Airway  Pressure 

Continuous  positive  airway  pressure  (CPAP)  is 
the  most  effective  noninvasive  therapy  for  sleep 
apnea.  To  use  CPAP,  the  patient  must  wear  a 
sealed  mask  over  the  nose  or,  in  some  cases,  over 
the  nose  and  mouth  during  sleep."'  The  mask  is 
connected  to  a  blower  forcing  air  through  the 
nasal  passages.  CPAP  acts  as  a  pneumatic  splint 
by  increasing  the  pressure  in  the  oropharyngeal 
airway,  thereby  maintaining  airway  patency 
throughout  the  ventilatory  cycle."'  This  treat- 
ment IS  usually  prescribed  after  polysomnography 
has  first  determined  the  therapeutic  level  of 
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CPAP  pressure  required  to  reduce  or  eliminate 
sleep  apnea.''  CPAP  is  effective  in  reversing 
daytime  somnolence  and  eliminating  cardiopul- 
monary sequelae."^  CPAR  used  properly,  pro- 
duces rhythmic  breathing,  resulting  in  the 
patient  feeling  dramatically  better  and  being  able 
to  function  more  efficiently.  Compared  with  no 
treatment  or  other  treatment  modalities,  patients 
treated  with  CPAP  have  a  lower  mortality  rate.-'' 

Although  \'cry  effective,  CPAP  may  be  difficult 
for  some  patients  to  use.'    Adherence  to  CPAP 
treatment  varies  greatly  but  tends  to  be  higher  in 
patients  with  severe  symptoms.'^  The  most 
common  reasons  for  discontinuing  CPAP  are 
intolerance  of  the  mask,  nasal-related  complaints, 
and  the  inconvenience  of  being  connected  to  a 
machine.  Common  side  effects  include  nasal 
stuffiness,  rhinitis,  facial  skin  discomfort,  and 
discomfort  with  the  pressure.   Humidifiers,  nasal 
steroids  or  decongestants,  intranasal  anticholin- 
ergics, or  different  masks  may  relieve  side  effects. 
Variations  in  pressure  application  have  been 
developed  to  offer  patients  options  for  improving 
comfort.   Assisting  patients  to  focus  on  symptom 
reversal  and  working  with  home  care  companies 
to  ensure  proper-fitting  and  effective  equipment 
will  enhance  adherence. 

Followup  after  the  first  month  of  CPAP  treat- 
ment should  include  checking  the  status  of 
equipment,  assessing  patient  symptoms  and 
adherence,  and  assessing  the  status  of  coexisting 
conditions  such  as  hypertension>  In  patients  who 
have  achieved  significant  weight  loss,  the  CPAP 
pressure  may  need  to  be  adjusted.    If  the  patient 
reports  continual  snoring,  the  presSLirc  may  need 
to  be  increased. 

Oral/Dental  Appliances 

Oral  or  dental  appliances  may  be  an  option  for 
patients  with  mild-to-moderate  sleep  apnea. 
However,  they  are  not  effective  in  all  iiatients. 


Appliances  have  also  been  used  for  patients  who 
snore  but  do  not  have  sleep  apnea.  There  are 
various  devices  that  displace  the  tongue  forward 
or  move  the  mandible  to  an  anterior  and  forward 
position  to  improve  patency  of  the  airway.-"' 
Reported  side  effects  of  the  devices  include 
excessive  salivation  and  temporomandibular  joint 
discomfort.   A  dentist  or  orthodontist  experi- 
enced in  the  use  of  these  devices  should  fit  the 
patient,  and  a  sleep  study  should  be  done  after 
the  device  is  fitted  to  evaluate  its  effectiveness. 

Surgical  Procedures 

Patients  need  to  understand  that  no  surgical 
procedure  has  universal  success,  and  all  are 
invasive  and  carry  risk.  Several  procedures  or  a 
combination  of  procedures  may  need  to  be 
performed  to  help  sleep  apnea  patients.   It  is 
important  that  sleep  studies  be  repeated  after 
each  surgical  procedure  to  confirm  its  effective- 
ness, once  there  is  evidence  of  adequate  healing. 
When  weighing  treatment  options,  it  may  be 
useful  to  let  the  patient  know  that  CPAP  is 
highly  effective  when  used  properly  and  is  safe 
and  reversible."'"" 

Lh'ulopiilatopharyngoplasty  (UPPP).   During 

UPPP,  an  inpatient  procedure,  the  uvula  and 
portions  of  the  soft  palate  are  resected  to  widen 
the  oropharyngeal  airway.   Although  snoring  is 
temporarily  relieved  in  most  cases,  apnea  may 
persist.  The  overall  success  rate  of  UPPP  is 
reported  to  be  about  40  percent  (when  success  is 
defined  as  achieving  an  AMI  of  less  than  20).*'   It 
is  difficult  to  predict  which  patients  will  benefit 
from  this  procedure,  and  long-term  side  effects 
and  benefits  are  unknown. 

Nasal  S/ngety.   Nasal  surgery  may  be  used  alone 
or  in  conjunction  with  other  procedures.   How- 
ever, it  IS  rarely  curative  alone. 
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Tonsillectomy.   In  children  and  adolescents 
adenotonsiUcctomy  may  be  useful,  even  cura- 
tive/" Tonsillectomy  alone  in  adults  is  not 
usually  helpful"  but  is  often  done  in  conjunction 
with  UPPF 

Laser-Assisted  L' viilopahitopListy  (Lui UP) . 
LAUP  has  received  much  attention  recently  as  a 
treatment  for  snoring.   However,  its  effectiveness 
in  treating  sleep  apnea  is  unknown.   LAUP  differs 
from  traditional  UPPP  in  both  surgical  technique 
and  setting  (office-based).  LAUP  excises  only 
part  of  the  uvula  and  associated  soft-palate 
tissues.  The  resultant  shortening  of  the  palate 
and  reduction  of  the  uvula  may  reduce,  alter,  or 
eliminate  snoring.   As  with  UPPR  relief  of 
snoring  may  occur  without  improvement  in 
apneic  events.  Therefore,  patients  who  elect 
LAUP  for  snoring  may  risk  delaying  the  diagnosis 
of  sleep  apnea  because  snoring,  a  primary  symp- 
tom, is  eliminated.'' 

Maxillofacial  Surgery  (Genioglossal  Advance- 
ment, Maxillary  and  Mandibular  Advance- 
ment). These  are  specialized  procedures  that  are 
currently  not  widely  available,  although  they 
appear  to  be  effective  in  treating  sleep  apnea. -^ 
Genioglossal  advancement  enlarges  the  airway  at 
the  base  of  the  tongue.  This  procedure  may  be 
combined  with  a  UPPP   Maxillary  and  mandibu- 
lar advancement  enlarges  the  airway  at  the  level 
of  the  soft  palate  as  well  as  the  tongue. 

Tracheostomy.  Tracheostomy  is  highly  successful 
in  eliminating  sleep  apnea  but  is  very  invasive, 
both  physically  and  psychologically.  This  proce- 
dure is  reserved  for  severe  cases  where  other 
treatments  have  failed. 

Pharmacological  Treatment 

Currently,  there  are  no  safe  and  effective  medica- 
tions indicated  in  the  routine  treatment  of  sleep 
apnea. 


Oxygen 

Administration  of  supplemental  oxygen  may 
improve  nocturnal  desaturation  but  is  not  a 
satisfactory  treatment  option  by  itself'  because  it 
does  not  reduce  sleep  disruption  and  subsequent 
daytime  sleepiness.''' 

Management  Considerations 

The  efficacy  of  a  chosen  treatment  modality 
should  be  periodically  and  objectively  verified. 
Sleep  apnea  patients  who  undergo  surgical 
interventions  need  to  have  sleep  studies  repeated 
postoperatively,  after  healing  has  occurred.  Once 
effective  treatment  has  been  initiated,  all  patients 
should  be  periodically  reevaluated  for  recurrence 
of  symptoms  such  as  snoring  and  excessive 
daytime  sleepiness  as  well  as  cardiopulmonary 
complications.  The  primary  care  physician  can 
play  a  key  role  in  determining  if  patients  are 
adhering  to  treatment  and  in  monitoring 
comorbidities  such  as  hypertension  and  coronary 
artery  disease.   For  example,  hypertension 
treatment  may  need  to  be  adjusted  once  sleep 
apnea  has  improved.  Patients  who  are  adherent 
to  treatment  for  sleep  apnea  need  positive 
reinforcement,  and  those  who  are  not  adherent 
may  require  different  treatment  options.   Patients 
who  are  on  CPAP  need  to  have  their  equipment 
evaluated  periodically  to  ensure  that  the  machine 
and  mask  are  functioning  properly."*  If,  however, 
symptoms  of  sleepiness  persist  despite  apparently 
adequate  treatment,  the  patient  should  be 
evaluated  for  other  conditions. 
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Where  To  Get  More  Information 


National  Center  on  Sleep  Disorders  Research  (NCSDR).  The  NCSDR,  located  in  the 
National  Heart,  Lung,  and  Blood  Institute,  supports  research,  scientist  training;,  dissemination  ot 
health  information,  and  other  activities  on  sleep  disorders  and  related  concerns.  The  NCSDR 
also  coordinates  sleep  research  activities  with  other  Federal  agencies  and  with  public  and 
nonprofit  organizations. 

National  Center  on  Sleep  Disorders  Research 

Two  Rockledge  Centre 

Suite  7024 

6701  Rockledge  Drive,  MSC  7920 

Bethesda,  MD  20892-7920 

(301)435-0199 

(301)480-3451  (fax) 

National  Heart,  Lung,  and  Blood  Institute  Information  Center.  The  Information  Center 
acquires,  analyzes,  promotes,  maintains,  and  disseminates  programmatic  and  educational 
information  related  to  sleep  disorders  and  sleep-disordered  breathing.   Write  tor  a  list  ot  available 
publications  or  to  order  additional  copies  ot  this  brochure. 

NHLBl  Information  Center 

RO.  Box  30105 

Bethesda,  MD   20824-0105 

(301)251-1222 

(301)  251-1223  (fax) 
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AARC  Clinical  Practice  Guideline 


Assessing  Response  to  Bronchodilator  Therapy  at  Point  of  Care 


ARBD  1.0     PROCEDURE: 

Assessing  response  in  adults  and  older  children*  to 
aerosolized  bronchodilator  therapy  at  the  point  of 
care.  Although  subjective  responses  and  changes  in 
mucociliary  activity  are  important  bronchodilator 
therapy  effects,  this  guideline  emphasizes  the  airway 
smooth  muscle  response  that  is  primarily  quantified 
through  measurement  of  pulmonary  function.  It  does 
not  address  initial  diagnostic  or  ongoing  (longitudi- 
nal) laboratory  evaluation.  A  future  Guideline  will 
address  assessment  during  mechanical  ventilation. 

ARBD  2.0     DESCRIPTION: 

2.1  Assessment  of  airflow  (ie,  forced  expiratory 
maneuvers  and  other  clinical  indicators)  is  im- 
portant to  determine  the  presence  or  absence  of 
an  immediate  response  (ie.  at  time  of  expected 
onset  of  effect),  proper  dose,  frequency  of  ad- 
ministration, and  overall  response  to  long-term 
therapy).  It  is  essential  that  the  clinician  have 
complete  knowledge  of  the  main  effects,  mode 
of  action,  time  course,  side  effects,  and  dosage 
constraints  of  any  medications  administered. 

2.2  This  guideline  addresses 

2.2.1  subjective  and  objective  measures 
of  response: 

2.2.2  frequency  of  monitoring: 

2.2.3  expected  or  desirable  outcomes. 

ARBD  3.0     SETTINGS: 

3.1  Critical  care 

3.2  Acute  care 

3.3  Extended  care  or  skilled  care  facility 

3.4  Outpatient  clinic 


*For  assessing  responses  in  int:inls 
CPGInfani/ToddlerPFT.' 


:inil  Indillcrs.  sec  AARC 


3.5  Home 

3.6  Pulmonary  rehabilitation  program 

ARBD  4.0     INDICATIONS: 

Assessment  of  airflow  and  other  clinical  indicators 
are  indicated  when  the  need  exists 

4.1  to  confirm  the  appropriateness  of  therapy:-  ■* 

4.2  to  individualize  the  patient's  medication 
dose  per  treatment  and/or  frequency  of  admin- 
istration:-'^ 

4.3  to  help  determine  patient  status  during  acute 
and  long-term  pharmacologic  therapy;--^''' 

4.4  to  determine  a  need  for  change  in  therapy 
(dose,  frequency,  or  type  of  medication).-  " 

ARBD  5.0     CONTRAINDICATIONS: 

When  patients  present  in  acute,  severe  distress, 
some  assessment  maneuvers  may  be  contraindicat- 
ed  or  should  be  postponed  until  therapy  (eg,  bron- 
chodilator treatment)  and  supportive  measures  (eg, 
oxygen  therapy)  have  been  instituted. 

ARBD  6.0     HAZARDS/COMPLICATIONS: 

Hazards  and  complications  include 

6.1  those  associated  with  deep  inhalation  and 
forced  exhalation 

6.1.1  bronchoconstriction '  -■ " 

6.1.2  airway  collapse''^ 

6.1.3  paroxysmal  coughing  with  or  with- 
out syncope:'"'"' 

6.2  inherent  hazards  or  complications  of  specif- 
ic assessment  procedures  (ie,  arterial  puncture, 
e.sophageal  balloons,  forced  exhalations)."'''' 

ARBD  7.0  LIMITATIONS  OF  PROCEDURE 
OR  DEVICE: 

7.1  Convcntit)nal  spirometry: 


.^00 
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7.1.1  cost  and  accessibility 

7.1.2  the  patient's  inability  to  perform 
forced  vital  capacity. 

7.2  Peak-tlow  measurement 

7.2.1  Patient's  inability  to  perform  peak- 
flow  maneuver  or  forced  expiration. 

7.2.2  The  accuracy  and  reproducibility  of 
peak-flow  meters  may  vary  among  models 
and  among  units  of  the  same  model.-'^-- 

7.2.2.1  For  consistency  and  reproduci- 
bility of  results  the  same  device  (unit) 
should  be  used  for  a  given  patient.--' 

7.2.2.2  If  peak-flow  meter  is  changed, 
the  patient's  range  should  be  re-estab- 
lished because  of  variability  among  units 
and  models. 

7.2.2.3  Peak  flow  measurement  primar- 
ily reflects  changes  in  upper  airway 
conductance  and  may  be  of  limited  use 
in  evaluation  of  changes  in  peripheral 
airway  conductance.--^-'* 

7.2.2.4  Evaluation  of  peak  flow  perfor- 
mance is  subjective,--^  and,  therefore,  ac- 
ceptability criteria  are  lacking.  Because 
the  maneuver  is  effort  and  volume  de- 
pendent, the  patient  must  be  encouraged 
to  perform  as  vigorously  as  clinically 
feasible  (Three  trials  are  desirable,  with 
the  best  reported).  Nose  clips  are  not 
necessary,  and  the  standing  position  is 
preferred. 

7.3  The  results  of  subjective  evaluation  may  be 
difficult  to  interpret  consistently.  A  validated 
dyspnea  rating  scale  may  be  useful.-*" -''° 

7.3.1  Breath  sound  interpretation^''''' 

7.3.2  Symptoms  (eg,  dyspnea)-^-' 

7.4  The  presence  of  an  artificial  airway  increases 
resistance  and,  thus,  increases  work  of  breathing 
in  the  spontaneously  breathing  patient  and  may 
limit  inspiratory  and  expiratory  flows. '-''■^^ 

7.5  Techniques  for  monitoring  response  to  bron- 
chodilator  in  intubated,  mechanically  ventilated 
patients  are  different  (eg,  the  tlow-volume  curve 
generated  through  an  intubated  airway  may  be 
difficult  to  interpret).""*"  Accuracy  and  repro- 
ducibility of  results  may  be  affected  by  the  men- 
tal and  physical  condition  of  the  patient.'*'  The 
measurement  technology  and,  therefore,  the  re- 
sults may  vary  from  ventilator  to  ventilator.^" 
Bronchodilator  administration  and  assessment 


of  response  in  the  MV  patient  will  be  further  ad- 
dressed in  a  .separate  guideline. 

ARBD  8.0     ASSESSMENT  OF  NEED 

8.1  Response  to  therapy  should  be  evaluated  in 
all  patients  receiving  bronchodilator  therapy. 
(However,  patient's  in  severe  distress  may  need 
immediate  treatment  that  precludes  establishing 
a  quantitative  baseline). 

8.2  Assessment  of  response  must  be  made  with 
due  regard  for  the  patient's  history,  clinical  pre- 
sentation, and  results  of  physical  exam. 

ARBD  9.0     ASSESSMENT  OF  OUTCOME: 

Assessment  of  outcome  answers  the  question  How 
did  assessment  of  the  effect  of  bronchodilator  thera- 
py impact  on  patient  management? 

9.1  Action  based  on  results  of  assessment 

9.1.1  Increase  or  decrease  in  dose  and/or 
frequency 

9.1.2  Change  medications 

9.1.3  Add  medications 

9.1.4  Continue  regimen 

9.1.5  Discontinue  therapy 

9.2  To  guide  patient  management,  baseline  con- 
dition and  changes  from  baseline  must  be  deter- 
mined 

9.2.1  Prior  to  therapy: 

9.2.1.1  establish  respiratory  and  car- 
diovascular baseline  values; 

9.2.1.2  establish  presence  of  clinical 
indicators  and  need  for  therapy; 

9.2.1.3  identify  presence  of  contra- 
indications. 

9.2.2  During  therapy,  identify: 

9.2.2.1  adverse  respon.ses  to  medication; 

9.2.2.2  any  clinical  change  from  baseline. 

9.2.3  Following  therapy,  identify: 

9.2.3.1  adverse  responses; 

9.2.3.2  therapeutic  responses  (time 
course  for  peak  varies  with  different 
medications); 

9.2.3.3  lack  of  therapeutic  response. 

9.2.4  For  trend  analysis,  identify: 

9.2.4.1  change  in  patient  baseline; 

9.2.4.2  need  to  modify  dose; 

9.2.4.3  need  to  change  therapy; 

9.2.4.4  need  to  discontinue  therapy; 
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9.2.4.5  direction  of  change  in  bronchia! 
responsiveness. 
9.3  Documentation: 

9.3.1  Patient  response  to  medication 

9.3.1.1  Medication  type,  dose,  and  time 
received 

9.3.1.2  Responses  measured:  vita!  signs, 
breath  sounds,  lung  function  (eg,  PEFR, 
FEVi.  FEVi/.FVC).  dyspnea  score-^-'^ 

9.3.1.3  Relate  observations  to  time  of 
medication  administration  and  expect- 
ed time  of  onset  and  peak  response. 

9.3.2  Patient's  progress 

9.3.3  Ability  to  self-assess  and  to  recog- 
nize the  need  for  more  aggressive  therapy 
and  when  and  how  to  communicate  with 
health  professional. 

9.3.4  Record  of  symptoms  and  concunent 
PEFR  measurements  should  be  kept  for  or 
by  the  patient  at  home. -■■*-■"*' 

ARBDIO.O   RESOURCES: 

10.1  Equipment  and  other  aids 

10.1.1  Instruments  to  measure  expiratory 
tlows:  the  choice  of  devices  is  based  on 
cost,  availability,  and  portability.  When  a 
portable  laboratory  spirometer  that  meets 
ATS  standards'^""  is  available  it  should  be 
used  because  results  yield  more  informa- 
tion than  is  available  from  peak-tlow  mea- 
surement alone. 

10.1.1.1  Conventional  spirometry  with 
forced  expiratory  maneuvers  is  the 
standard  for  diagnostic  measurement 
of  bronchodilator  response. -"'^"^ 

10.1.1.2  Peak  flow  measurement  can  be 
used  for  pre-  and  post-treatment  mea- 
surement and  for  daily  and  trend  moni- 
toring.-'^•^^■'^'' 

10.1.2  Stethoscope 

10.1.3  Pulse  oximeter 

10.1.4  Structured  interview  form  for  com- 
plete history;  validated  dyspnea  indices. - 

10.1.5  Materials  for  patient  and  family  ed- 
ucation and  diary-"*-  " 

10.2  Resources — Personnel: 

10.2.1  Level  II  personnel — licensed  or  cre- 
denliaied  respiratory  care  practitioners  (eg, 
RRIV"  RPIT*  CPi't;^"  CRTT"^")  or  persons 


with  equivalent  knowledge,  training,  and 
ability,  who  have  documented  that  knowl- 
edge and  demonstrated  the  necessary  skills: 

10.2.1.1  to  perform  initial  assessments 
and  care  for  the  unstable  patient: 

10.2.1.2  to  assess  patient  condition  and 
response  to  therapy; 

10.2.1.3  to  identify  the  indications  for 
and  effects  of  specific  medication  and 
equipment; 

10.2.1.4  to  instruct  patients  in  proper 
breathing  patterns  and  coughing  tech- 
niques; 

10.2.1.5  to  modify  therapy  and  appro- 
priately care  for  the  patient  in  response 
to  adverse  reactions; 

10.2.1.6  to  modify  dose,  frequency,  or 
delivery  method  or  to  change  medica- 
tion according  to  the  patient's  response, 
within  the  constraints  of  the  protocol  or 
the  physician's  direction; 

10.2.1.7  to  use  proper  technique  for  ad- 
ministration of  aerosols; 

10.2.1.8  to  perforin,  interpret,  and  doc- 
ument conventional  spirometry,  peak 
expiratory  flowrate,  and  ventilatory 
mechanics  and  to  perform  and  docu- 
ment auscultation,  inspection  and  as- 
sessment of  vital  signs,  and 

10.2.1.9  to  teach  proper  use  of  symp- 
tom diary  and  peak-flow  meter; 

10.2.1.10  to  develop,  teach,  and  assess 
self-care  plan  for  patient  and  family 
care  giver; 

10.2.1.11  to  properly  use  equipment, 
administer  treatment,  and  make  assess- 
ment in  compliance  with  Universal 
Precautions  and  other  infection-control 
procedures. '''■^- 

10.2.2  Level  I  personnel — licensed  orcre- 
dentialed  respiratory  care  practitioners 
(eg,  RRT,^^  RPFT,^'^  CPFT,^^'  CRTT^")  or 
persons  with  equivalent  knowledge,  train- 
ing, and  ability,  who  have  documented 
that  knowledge  and  demonstrated  the  nec- 
essary skills: 

10.2.2.1  to  observe,  measure,  monitor, 
and  document  response  variables  es- 
tablished with  the  patient's  care  plan 
(eg,  use  of  diary  and  peak  flow  meter); 
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10.2.2.2  to  use  proper  technique  for  ad- 
ministration of  medication; 

10.2.2.3  to  properly  use  and  clean 
equipment; 

10.2.2.4  to  instruct  patients  in  proper 
breathing  patterns  and  coughing  tech- 
niques; 

10.2.2.5  to  modify  therapy  and  patient 
care  (within  the  constraints  of  the  proto- 
col or  physician's  directions)  in  response 
to  changes  in  monitored  variables,  sever- 
ity of  symptoms,  or  adverse  reactions 
and  to  communicate  any  modifications 
to  Level-II  provider  or  physician; 

10.2.2.6  to  properly  use  equipment,  ad- 
minister treatment,  and  make  assessment 
in  compliance  with  Universal  Precautions 
and  other  infection-conti^ol  procedures.-'^' ■''- 

10.2.3  Patient  or  family/caregiver  provid- 
ing maintenance  therapy  must  Icnow  and 
demonstrate  ability: 

10.2.3.1  to  monitor  or  measure  response 
to  bronchodilator  in  accordance  with 
the  patient's  care  plan  (use  of  symptom 
diary  and  peak-tlow  meter);-"*-''*^ 

10.2.3.2  to  use  proper  technique  for  ad- 
ministration of  medication  and  correct 
use  of  devices  (eg,  MDI,  spacer,  peak- 
tlow  meter,  small  volume  nebulizer);-'"*-^ 

10.2.3.3  to  properly  use  and  clean 
equipment; 

10.2.3.4  to  modify  doses  and  frequency 
as  prescribed  and  instructed  in  re- 
sponse to  adverse  reactions  or  increase 
in  severity  of  symptoms  and  to  appro- 
priately communicate  with  physician 
regarding  severity  of  symptoms. 

ARBD  11.0    MONITORING: 

Monitoring  seeks  to  establish  baseline  function  and 
reveal  the  presence  or  absence  of  a  desirable  re- 
sponse to  bronchodilator  or  other  airway  medica- 
tion and  to  identify  changes  in  airway  reactivity  in 
response  to  allergens,  exercise,  infection,  or  other 
causes.  Desirable  responses  are: 

11.1  From  observation  of  the  patient 

11.1.1  General  appearance  is  improved. 

11.1.2  Use  of  accessory  muscles  is  de- 
creased. 


11.1.3  Sputum  expectoration  is  increased. 

11.2  From  auscultation 

Breath  sounds  may  be  improved,  with  a  decrease 
in  wheezing- ""  or  adventitious  breath  sounds  and 
the  volume  of  air  moved  is  increased.  (De- 
creased wheezing,  eg,  the  'silent'  chest  coupled 
with  decreased  volume  of  air  moved  can  be  an 
indication  of  a  worsening  condition  rather  than 
improvement. ) 

11.3  Vital  signs  are  more  nearly  normal.'-^-''-'' 

11.4  Patient  reports  improvement'^-'*-''"  (eg,  less 
dyspneic'''''^^) 

11.5  From  pulmonaiy  function  measurement:  It  is 
important  to  note  that  although  correlation  is  gen- 
erally high  between  values  obtained  by  conven- 
tional spirometry  and  measurement  of  PEF,  agree- 
ment may  be  poor  for  individual  patients.-'*-^'*-''^ 

115.1  FEVi,  FVC,-^-'^^'  and/or  FEF25.75%~'»-«' 
are  improved. 

Note:  The  ATS  standards  for  a  positive  bron- 
chodilator response  in  adults  is  "12%  in- 
crease, calculated  from  the  prebronchodilator 
response  values,  and  a  200-mL  increase  in  ei- 
ther FVC  or  FEV|."''-  Dynamic  compression 
of  the  airways  during  forced  maneuvers  may 
mask  bronchodilator  response  in  some  pa- 
tients, and  for  these  patients  the  additional 
measurement  of  airway  resistance  and  calcu- 
lation of  specific  conductance  may  provide 
more  diagnostic  evidence. 
11.5.2  PEF-^-''^-^'-^'  is  increased. 
Note:  National  Asthma  Education  and 
Prevention  (NAEPP)  Guidelines-  provide  de- 
tailed directions  for  use  of  the  PEF  in  the  asth- 
matic population. 

11.6  SaO:  (or  SpO:)."  and/or  arterial  blood  gas 
values  are  improved  (Effects  of  underlying 
chronic  respiratory,  metabolic,  or  other  condi- 
tion should  be  considered.) 

11.7  Exercise  performance  is  improved  as  re- 
flected by  a  more  nornial  PEF  during  exercise  or 
immediately  following^'  or  an  increase  in  dis- 
tance achieved  during  the  6-minute  walking  test*^' 

11.8  Ventilator  variables  are  improved.''*"*"-^'* 

11.8.1  Lower  PIP  (during  volume  ventila- 
tion) 

11.8.2  Lower  plateau  pressure,  increased 
static  lung  compliance. 

11.8.3  Decreased  inspiratory  and  expira- 
tory resistance 
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11.8.4  Increased  expiratory  flow,  im- 
proved tlow-voliime  loop 

11.8.5  Decreased  auto-PEEP 

ARBD12.0  FREQUENCY 

12.1  Acute  unstable  patient: 

12.1.1  Whenever  possible,  perform  a  full 
assessment  and  obtain  a  pretreatment 
baseline. 

12.1.2  Perform  arterial  blood  gas  analysis 
on  admission  if  patient  is  in  severe  dis- 
tress.- 

12.1.3  Assess  and  document  all  appropri- 
ate variables  before  and  after  each  treat- 
ment, (breath  sounds,  vital  signs,  side  ef- 
fects during  therapy.  PEF  or  FEV|.- 

12.1.4  The  frequency  with  which  physical 
exam,  PEF,  and/or  FEV]  are  repeated 
should  be  based  on  the  acuteness  and 
severity  of  the  patient's  condition. 

12.1.5  SpO:  should  be  monitored  continu- 
ously, if  possible. - 

12.1.6  Assessment  should  continue  at 
each  level  of  medication  dose  to  optimal 
response  for  patient''  (eg,  asthmatic  pa- 
tient achieves  70-90%  of  predicted  or 
"personal  best"  or  is  symptom  free-) 

12.2  Stable  patient;-'"^' 

12.2.1  In  the  hospital  setting,  the  PEF 
should  be  measured  initially  before  and 
after  each  bronchodilator  administra- 
tion— to  establish  baseline  function  and  to 
determine  relative  changes  in  function. 
Thereafter,  twice  daily  determinations 
may  be  adequate. 

12.2.2  in  the  home,  use  the  PEF  3-4  times 
a  day  (on  rising,  noon,  4-7  PM.  and  at  bed- 
time)-'''' to  establish  baseline  function  and 
to  determine  relative  changes  in  function. 

12.2.2.1  For  the  stable  COPD  patient  at 
home,  twice  a  day  measurements  may 
be  adequate. 

12.2.2.2  Asthmatic  patients  in  the  home 
will  need  to  adjust  the  frequency  of 
peak  flow  measurement  according  to 
their  level  of  severity,  with  the  develop- 
ment of  symptoms,  or  with  any  devia- 
tion from  baseline.  Twice  daily  mea- 
surements (about  7  AM  and  7  PM)  are 


recommended  for  routine  monitoring — 
(variability  between  these  two  mea- 
surements is  a  measure  of  severity.-) 

12.2.3  The  pre-  and  postbronchodilator 
PEFRs,  medication  dosage,  date  and  time, 
and  the  dyspnea  score  should  be  docu- 
mented. 

12.2.4  The  patient  should  be  periodically 
re-evaluated  for  response  to  therapy. 

ARBD  13.0   INFECTION  CONTROL: 

13.1  Universal  Precautions^^  and  precautions 
related  to  the  spread  of  tuberculosis  as  pub- 
lished by  the  Centers  for  Disease  Control-"* 
should  be  followed. 

13.2  All  equipment  and  supplies  should  be  ap- 
propriately disposed  of  or  subjected  to  high- 
level  disinfection  between  patients.''' 

Aerosol  Therapy  Focus  Group 
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Discharge  Planning  for  the  Respiratory  Care  Patient 


DPRP  1.0      PROCEDURE: 


DPRP  6.0      HAZARDS/COMPLICATIONS: 


Development  and  implementation  of  a  comprehen- 
sive plan  for  the  safe  discharge  of  the  respiratory 
care  patient  froin  a  health  care  facility  and  for  con- 
tinuing safe  and  effective  care  at  an  alternate  site. 

DPRP  2.0      DESCRIPTION: 

The  discharge  plan  is  the  mechanism  that  guides  a 
multidisciplinary  effort  to  achieve  the  successful 
transfer  of  the  respiratory  care  patient  from  the 
health  care  facility  to  an  alternate  site  of  care.  Im- 
plementation of  the  discharge  plan  is  used  to  assure 
the  safety  and  efficacy  of  the  continuing  care  of  the 
respiratory  care  patient.'  '" 

The  discharge  plan  includes:  ( 1 )  evaluation  of  the 
patient  for  the  appropriateness  of  the  discharge;  (2) 
determination  of  the  optimal  site  of  care  and  of  pa- 
tient-care resources;  and  (3)  determination  that  fi- 
nancial resources  are  adequate. 

DPRP  3.0      SETTING: 

The  discharge  plan  can  be  developed  at  any  site  at 
which  the  respiratory  care  patient  resides. 

DPRP  4.0      INDICATIONS: 

Discharge  planning  is  indicated  for  all  respiratory 
care  patients  who  are  being  considered  for  discharge 
or  transfer  to  alternate  sites  including  the  home.  The 
alternate  site  may  provide  a  higher  or  lesser  level  of 
care  (depending  on  the  patient's  condition).  The  dis- 
charge plan  should  always  be  developed  and  imple- 
mented as  early  as  possible  prior  to  transfer.  "'■' 

DPRP  5.0      CONTRAINDICATIONS: 

There  are  no  contraindications  to  the  development 
of  a  discharge  plan. 


Undesirable  and/or  unexpected  outcomes  may 
occur  if  the  patient  is  discharged  prior  to  the  full 
implementation  of  the  discharge  plan.  An  undesir- 
able and  unexpected  patient  outcome  may  be  a 
hazard  or  complication  of  the  discharge  plan;  how- 
ever, not  all  undesirable  outcomes  can  be  attributed 
to  the  discharge  planning  process  but  may  be  a  re- 
sult of  the  natural  course  of  the  disease  or  other 
factors  beyond  the  control  of  the  discharge  plan- 
ning process. 

DPRP  7.0      METHOD: 

Discharge  planning  and  implementation  should 
begin  as  early  as  possible.  The  complexity  of  the 
plan  is  determined  by  the  patient's  medical  condi- 
tion, needs,  and  goals.  Members  of  the  discharge 
planning  team  and  their  responsibilities  should  be 
identified  and  a  coordinator  specified.  The  steps  in 
the  planning  process  are: 

7.1  Patient  evaluation:--^"'-''''' 

7.1.1  The  patient's  medical  condition 

7.1.2  The  respiratory  and  ventilatory  sup- 
port required.'"''' 

7.1.2.1  Mechanical  ventilation 

7.1.2.1.1  Type,  method  of  applica- 
tion, and  duration 

7.1.2.1.1.1  Positive-pressure,  nega- 
tive-pressure, or  other  (eg,  pneumatic 
belt,  rocking  bed,  diaphragm  pacer) 

7.1.2.1.1.2  Invasive  (via  tracheosto- 
my) or  noninvasive  (all  methods  that 
do  not  include  tracheostomy) 

7.1.2.1.1.3  Continuous — requiring  > 
20  hours  of  ventilator  assistance  per 
day'^  or  noncontinuous,  which  may 
be  nocturnal  only  (requiring  assis- 
tance only  during  hours  of  sleep)  or 
other — requiring  >  8  but  <  20  hours 
of  ventilator  assistance  per  day. 


1308 


Rkspiratory  Cari-;  •  DKri-,MBi:R  '9^  Voi.  40  No  12 


AARC  Guideline:  Discharge  Planning 


7.1.2.2  Other  respiratory  care  and 
equipment: 

7.1.2.2.1  Oxygen  therapy 

7.1.2.2.2  Aerosol  therapy 

7.1.2.2.3  Airway  clearance  therapy 

7.1.2.2.4  Monitoring  and  diagnostic 
procedures 

7.1.2.2.5  Treatment  for  sleep-disor- 
dered breathing 

7.1.3  The  patient's  physical  and  function- 
al ability,  including  acute  and  chronic 
neuromuscular  conditions,  other  condi- 
tions, and  activities  of  daily  living. '■'-•'■* 

7.1.4  The  patient  and  family's  psychoso- 
cial condition 

7.1.5  The  patient  and  family's  desires  for 
medical  and  ventilator  care.'  '-•'"'  -- 

7.1.6  The  goals  of  care' '^"■'■*-'' from  the  per- 
spective of  the  patient  and  family,  the  pa- 
tient's physician,  the  health-care  profession- 
als who  have  and  will  be  involved  in  the  pa- 
tient's care,  and  the  bedside  caregivers. 
These  may  include: 

7.1.6.1  treatment  of  acute  medical  con- 
ditions; 

7.1.6.2  weaning; 

7.1.6.3  rehabilitation; 

7.1.6.4  assurance  of  optimal  quality  of 
life. 

7.2  Site  evaluation  for  continuing  care 

The  primary  factors  to  be  considered  in 
site  determination  are  the  goals  and  needs 
of  the  respiratory  care  patient.  These  goals 
and  needs  should  be  met  in  an  optimal  and 
cost-effective  manner  using  the  resources 
available  at  the  alternate  site.'-''-'^'*""-'*'^" 

Possible  sites  for  the  respiratory  care  pa- 
tient include  acute,  intermediate,  and  long- 
term  care  facilities,  such  as  long-term 
acute,  subacute,  rehabilitation,  skilled  nurs- 
ing facilities,  and  home.  The  respiratory 
care  patient  may  transition  among  the  sites 
according  to  changing  medical  condition. 

The  site  must  be  evaluated  for  available 

resources: 

7.2.1  Personnel 

7.2.1.1  The  staff  of  the  selected  health- 
care facility 


7.2.1.1.1  must  clearly  demonstrate 
and  have  documented  (by  the  time 
of  discharge)  the  competencies  re- 
quired for  the  patient's  ventilatory 
and  respiratory  needs; 

7.2.1.1.2  must  be  able  to  provide 
other  health-care  services  as  may  be 
indicated  (eg,  occupational  and  phys- 
ical therapy). 

7.2.1.1.3  must  be  adequate  for  24- 
hour  coverage; 

7.2.1.2  For  discharge  to  the  home: 

7.2.1.2.1  The  ability  of  the  care- 
givers to  learn  and  perform  the  re- 
quired care  must  be  evaluated. 

7.2.1.2.2  The  caregivers  must  clearly 
demonstrate  and  have  documented 
(by  the  time  of  discharge)  the  com- 
petencies required  for  caring  for  the 
specific  patient. 

7.2.1.2.3  Availability  of  caregivers 
(lay  and  professional)  for  each  24- 
hour  period  must  be  assured. 

7.2.2  The  chosen  site  must  be  capable  of 
operating,  maintaining,  and  supporting  the 
equipment  required  by  the  patient's  medical 
condition.  This  should  include  both  respira- 
tory and  ancillary  equipment  and  supplies 
as  needed,  such  as  the  ventilator,  suction, 
oxygen,  intravenous  therapy,  nutritional 
therapy,  and  adaptive  equipment.'-'"* 

7.2.3  Physical  environment — The  phy- 
sical environment  must  be  evaluated  for 
safety  and  suitability.  It  should  be'-^'*'"*' 
20,31,32  fj.gg  of  fire,  health,  and  safety  haz- 
ards; provide  adequate  heating,  cooling, 
and  ventilation;  provide  adequate  elec- 
trical service;  provide  for  patient  access 
and  mobility  with  adequate  patient  space 
(room  to  house  medical  and  adaptive 
equipment)  and  storage  facilities. 

7.3  Financial  resources — Financial  resources 
must  be  identified  at  the  beginning  of  the  dis- 
charge process.  Lack  of  funding  or  inadequate 
funding  impacts  the  entire  discharge  plan  and 
can  determine  the  care  site.'-^-'^'' *■"■"'• '''■'°" 
22.25.27.28.33  jj  jg  essential  to  determine  sources 
and  adequacy  of  funds  for  alternate-site  care, 
medical  equipment  and  supplies,  the  required 
medical  personnel,  any  modifications  neces- 
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sary  to  environment,  and  ongoing  medical  care. 

7.4  Development  of  the  plan  of  care — A  multi- 
disciplinary  plan  of  care  i.s  developed  based 
upon  the  evaluation  of  the  patient's  needs  and 
goals.  The  plan  should  be  consistent  with  rec- 
ommended practices  and  guidelines  for  the  pa- 
tient's condition. '"■^'o"-'"-'"-""''  Key  ele- 
ments should  include  delineation  of 

7.4.1  plan  for  integration  into  the  commu- 
nity: 

7.4.2  plan  for  patient  self-care  as  appro- 
priate; 

7.4.3  roles  and  responsibilities  of  team 
members  for  daily  care  management; 

7.4.4  documented  mechanism  for  secur- 
ing and  training  additional  caregivers; 

7.4.5  alternative  emergency  and  contin- 
gency plans; 

7.4.6  plan  for  use,  maintenance,  and  trou- 
bleshooting of  equipment; 

7.4.7  plan  for  monitoring  and  appropriate- 
ly responding  to  changes  in  the  patient's 
medical  condition; 

7.4.8  medication  administration; 

7.4.9  method  for  ongoing  assessment  of 
outcomes; 

7.4.10  time  frame  for  implementation; 

7.4.11  method  to  assess  growth  and  devel- 
opment of  pediatric  patients; 

7.4.12  follow-up  (eg,  medical,  respirato- 
ry care); 

7.4.13  mechanism  for  communication 
among  all  members  of  healthcare  team. 

7.5  Education  and  training  with  clear  demon- 
stration and  documentation  of  competencies 
must  occur  prior  to  discharge.  Education  and 
training  must  address  key  elements  of  the  plan 
of  care  '  '-■'^'''' '  7-----7.-i>.'i)-'.^..^f'-3s 

7.6  Limitations  of  method: 

Barriers  to  full  implementation  and  discharge 
may  occur  due  to'-^"'-^'*''' 

7.6.1  patient's  medical  condition: 

7.6.2  lack  of  availability  of  appropriate 
site: 

7.6.3  lack  of  financial  and  patient  care  re- 
sources: 

7.6.4  patient/family  desires  and  coopera- 
tion: 

7.6.5  failure  to  identify  all  pertinent  prob- 
lems or  needs  (including  problems  stem- 


ming from  language  or  other  barriers  to 
communication). 

DPRP  8.0      ASSESSMENT  OF  NEED: 

All  patients  with  a  primary  respiratory  diagnosis 
should  be  assessed  for  the  need  for  a  discharge  plan. 

DPRP  9.0      ASSESSMENT  OF  OUTCOME: 

The  desired  outcome  of  the  discharge  plan  is  deter- 
mined by'''""' 

9.1  no  re-admission  to  an  alternate  care  site  due 
to  discharge  plan  failure; 

9.2  satisfactory  performance  of  all  treatments 
and  modalities  by  caregivers  as  instructed; 

9.3  caregivers"  ability  to  assess  the  patient,  trou- 
bleshoot,  and  solve  problems  as  they  arise; 

9.4  the  treatment's  meeting  the  patient's  needs 
and  goals; 

9.5  the  equipment's  meeting  the  patient's  needs: 

9.6  the  site's  providing  the  necessary  services: 

9.7  the  patient  and  family's  satisfaction. 

DPRP  10.0    RESOURCES: 

The  discharge  planning  process  requires'-^-"''^'^-^--" 

10.1  a  written  discharge  plan  that  clearly  de- 
lineates 

10.1.1  the  educational  materials,  training 
aids  and  assessment  tools; 

10.1.2  the  amount  of  time  anticipated  to 
complete  the  process  and  discharge  the 
patient; 

10.1.3  team  member  access  to  patient  and 
family  for  information  gathering  and 
training; 

10.1.4  the  source  and  limits  of  funds  to 
implement  the  plan. 

10.2  physical  and  financial  support  adequate  to 
implement  the  discharge  plan. 

10.3  personnel. '-'■■'''**'*'--"One  member  of  the 
team  with  particular  expertise  in  respiratory 
care '■'"■'"■--  should  be  designated  to  coordinate 
the  efforts  of  all  team  members. 

10.3.1  palicnl: 

10.3.2  family  and/or  caregiver  (lay  or  pro- 
fessional): 

10.3.3  physician: 

10.3.4  nurse; 
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10.3.5  respiratory  care  practitioner; 

10.3.6  medical  equipment  provider; 

10.3.7  social  worker; 

10.3.8  physical,  occupational,  and  speech 
therapist,  as  indicated  by  patient  condition: 

10.3.9  case  manager; 

10.3.10  nutritionist; 

10.3.11  representative  of  the  alternate  site. 

DPRPll.O    MONITORING: 

The  discharge  plan  coordinator  and  the  physician 
should  monitor  the  progress  of  the  discharge  plan.-- 
Each  team  member  should  participate  in  regularly 
scheduled  team  conferences  to  assess  the  progress  of 
the  discharge  plan.  Modifications  may  be  made  ac- 
cording to  the  individual  patient's  goals  and  needs. 

DPRP12.0    FREQUENCY: 

The  discharge  planning  process  should  be  developed, 
reviewed,  modified,  and  implemented  whenever  the 
patient  is  considered  for  transfer  to  an  alternate  site. 

DPRP  13.0    INFECTION  CONTROL: 

The  presence  of  transmissible  infection  and  the 
presence  of  compromised  immunity  in  the  patient 
should  be  taken  into  consideration  when  discharge 
planning  is  undertaken.  Appropriate  steps  to  protect 
patient,  caregiver,  and  family  should  be  incoiporat- 
ed  into  the  plan  of  care,"*'"*-  including  provision  for 
age-and  condition-specific  immunizations."*-^ 

Respiratory  Home  Care  Focus  Group: 

Peggi  Robart  RRT  RCP.  Chairman,  Boston  MA 
Bony  J  Make  MD.  Denver  CO 
Susan  L  McIntiiifRRT RCP,  Bremerton  WA 
Dennis  W  Tureson  Sr  RRT  CRTT,  Minneapolis  MN 
Melissa  P  Weimer  RRT,  McKeesport  PA 
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HIMV  1.0     PROCEDURE: 

The  application  of  invasive  mechanical  ventilation 
and  care  of  the  patient-ventilator  system  in  the 
home,  as  ordered  by  a  physician. 

HIMV  2.0     DESCRIPTION/DEFINITION: 

Mechanical  ventilation  may  be  defined  as  a  life 
support  system  designed  to  replace  or  support  nor- 
mal ventilatory  lung  function.'  Ventilator  depen- 
dence is  caused  by  an  imbalance  between  ventilato- 
ry capacity  and  demand.-  "A  ventilator-assisted  in- 
dividual (VAI)  may  require  mechanical  aid  for 
breathing  to  augment  or  replace  spontaneous  venti- 
latory efforts  to  achieve  medical  stability"  or  to 
maintain  life.'  The  patient  eligible  for  invasive  long 
term  mechanical  ventilation  in  the  home  (HIMV) 
requires  a  tracheostomy  tube'*"^  for  ventilatory  sup- 
port but  no  longer  requires  intensive  medical  and 
monitoring  services.''^  This  guideline  refers  to  pa- 
tients ventilated  by  positive  pressure  via  a  tra- 
cheostomy tube  in  the  home. 

The  goals  of  HIMV  are 

2.1  to  sustain  and  extend  life;**'"''^ 

2.2  to  enhance  the  quality  of  life;'"'-^'^'^ 

2.3  to  reduce  morbidity;*<'»"''"'--0-'o 

2.4  to  improve  or  sustain  physical  and  psycho- 
logical function  of  all  VAIs^*''0-'-'''5'''-i>*-20-3i,32 

and  to  enhance  growth  and  development  in  pe- 
diatric VAIs;5-^-'*-'-i^-i'^-23-28.-'"6 

2.5  to  provide  cost-effective  care.^**'"- " "'''•--■ 

23,27,28,32,36-45 

HIMV  3.0     SETTING: 

The  setting  is  the  home,  which  for  the  purposes  of 
this  guideline  may  be  the  patient's  home,"*-''"''*'''--' 

27.32.34.38,40.4 1,46-.^3  g  footer  homc'^''^  ■ 

environment.'"-^' 


HIMV  4.0     INDICATIONS: 

4.1  Patients  requiring  invasive  long-term  venti- 
latory support  have  demonstrated: 

4.1.1  an  inability  to  be  completely  weaned 
from  invasive  ventilatory  support  or 

4.1.2  a  progression  of  disease  etiology  that 
requires  increasing  ventilatory  support. 

4.2. Conditions  that  met  these  criteria  may  in- 
clude but  are  not  limited  to  ventilatory  muscle 
disorders  -'•S- ' "■  1 1 ■  i -•• ' 6- 1 'j.2 i .26.27.33,35.38,42,43,46.52,54-62 

alveolar  hypoventilation  syndrome, '*-'"'^'^' 
iy,23,33,34,42.43.46.47.59.6o  primary  respiratory  disor- 
dei.s,^-io-'7-'8.i9.23,42,46,59,60  obstructivc  dis- 


eases,^'"-''^'^^ restrictive  diseases. 


,11.1,16,43,46,56 


and 


or  a  group-livmg 


cardiac  disorders  including  congenital  anoma- 

ligS.IV,23,l9,42,46,.59 

HIMV  5.0     CONTRAINDICATIONS 

Contraindications  to  HIMV  include: 

5.1  The  presence  of  a  physiologically  unstable 
medical  condition  requiring  higher  level  of  care 
or  resources  than  available  in  the  home.'*"^"^- 
14,16,17,19,20,21,23,26,29,33,52,59  Examples  of  iudicators 
of  a  medical  condition  too  unstable  for  the 
home  and  long  term  care  setting  are: 

5.1.1  F,o:  requirement  >  0.40-'-''"'^'-'^ 

5.1.2  PEEP  >  10  cm  H20^""'-'^'-' 

5.1.3  Need  for  continuous  invasive  moni- 
toring in  adult  patients'"'"' 

5.1.4  Lack  of  mature  tracheostomy 

5.2  Patient's  choice  not  to  receive  home  me- 
chanical ventilation-^-'0-'*-'9-2-^-26.39,42.52,.56,58,63,64 

5.3  Lack  of  an  appropriate  discharge  plan'*'-^"- 

13,18,33,34,38,.39,46,48,51,65 

5.4  Unsafe  physical  environment  as  determined 
by  the  patient's  discharge  planning  team.'"'-'-^'' 

5.4.1  Presence  of  fire,  health  or  safety 
hazards  including  unsanitary  condi- 
tions.-'''.5i 
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5.4.2  Inadequate  basic  utilities  (such  as 
heat,  air  conditioning,  electricity).'*-''-"'- 

I9.::.33,38.39.52.h7 

5.5  Inadequate  resources  for  care  in  the  home: 

5.5.1  FinanciaI"-'"-'^-'*-"'-'«-'''-^-^---^-^^-"-^5-^«- 

4(1.44. 5:. ?5.5(i.?').hS.(i') 

5.5.2  Personnel 

5.5.2.1  Inadequate  medical  follow- 

yp  1 3. 1 4. :  6. 1  S,:9.33.36.3S.39.5(l.(i  I 

5.5.2.2  Inability  of  VAI  to  care  for  self, 
if  no  caregiver  is  available"'-"' 

5.5.2.3  Inadequate  respite  care  for 
caregivers '^■''^•-^ 

5.5.2.4  Inadequate  numbers  of  compe- 
tent caregivers'- '■'--' ■-'--■'■-^-'"-^«-''^-'2,68 


changes  in  the  plan  of  care  may  take  longer  than  in 
a  health  care  facility. 

HIMV  8.0     ASSESSMENT  OF  NEED 

8.1  Determination  that  indications  are  present 
and  contraindications  are  absent. 

8.2  Determination  that  the  goals  listed  in  2.1 
can  be  inet  in  the  home. 

8.3  Determination  that  no  continued  need  exists 
for  higher  level  of  services. 

8.4  Determination  that  frequent  changes  in  the 
plan  of  care  will  not  be  needed. 

HIMV  9.0     ASSESSMENT  OF  OUTCOME 


HIMV  6.0 
TIONS 


HAZARDS  AND  COMPLICA- 


6.1  Deterioration  or  acute  change  in  clinical 
status  of  VAI.  Although  ventilator-associated 
complications  in  the  home  are  poorly  docu- 
mented, experience  in  other  sites  can  be  extrap- 
olated. The  following  may  cause  death  or  re- 
quire rehospitalization  for  acute  treatment. 

6.1.1  Medical:  Hypocapnia,  respiratory  al- 
kalosis,^" hypercapnia,  respiratory  acido- 
sis, ^^  hypoxemia,  barotrauma, -''-'"'■^° 
seizures,  hemodynamic  instability,-'  air- 
way complications  (stomal  or  tracheal  in- 
fection, mucus  plugging,  tracheal  erosion 
or  stenosis),'^  respiratory  infection  (tra- 
cheobronchitis, pneumonia),-'^^-''""  bron- 
chospasm,'  exacerbation  of  underlying 
disease,  or  natural  course  of  the  disease 

6.1.2  Equipment-related:  Failure  of  the 
ventilator,  malfunction  of  equipment,'"  in- 
adequate warming  and  humidification  of 
the  inspired  gases,  inadvertent  changes  in 
ventilator  settings,  accidental  disconnection 
from  ventilator,-^  accidental  decannulation 

6.1.3  Psychosocial:  Depression,-''-"'-'*'  anx- 
je(y_4.i{).43  j^,j;5  Qj-  resources — caregiver  or 
financial, '"-''*---''-"*"■"''  detrimental  change  in 
family  structure  or  coping  capacity'"'-'''--'- 

34.3X..'i4..'>.'>,56.7l.7: 

HIMV  7.0      MMITATIONS 

In  ihc  lionic  care  selling,  making  and  implementing 


At  least  the  following  aspects  of  patient  manage- 
ment and  condition  should  be  evaluated  periodical- 
ly as  long  as  the  patient  receives  HIMV 

9.1  Implementation  and  adherence  to  the  plan 
of  care 

9.2  Quality  of  life 

9.3  Patient  satisfaction 

9.4  Resource  utilization 

9.5  Growth  and  development  in  the  pediatric 
patient 

9.6  Unanticipated  morbidity,  including  need  for 
higher  level  site  of  care. 

9.7  Unanticipated  mortality 

HIMV  10.0   RESOURCES 

10.1  Equipment 

10.1.1  Ventilator(s) — Choice  should  be 
based  on  patient's  clinical  need. '-'"-'*---■-'■ 
35,38.67.73  Patient's  medical  needs  may  dic- 
tate that  more  than  one  ventilator  be  pro- 
vided. 

10.1.1.1  Ventilators  chosen  for  home 
care  must  be  dependable  and  easy  for 
the  intended  caregivers  to  operate; 
small  size  and  lightweight  are  desirable 

10.1.1.2  Mobility  is  frequently  an  es- 
sential element  of  the  plan  of  care  of 
the  patient.  The  mechanical  ventilator 
system  chosen  for  such  a  patient  should 
allow  mobility. 

10.1.2  With  portable,  volume-cycled  ven- 
tilators, u.se  of  the  SIMV  mode  increases 
work  of  breathing,  and  the  addition  of  an 
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external  continuous-flow  system  reduces 
portability. '■'"■"-^" 

10.1.3  Complex  and  nonportable  compo- 
nents are  not  recommended  for  HIMV  but 
may  be  used  to  meet  the  needs  of  certain 
pediatric  patients. '"•'''•--■"•^'^ 

10.1.3.1  Ventilators  powered  by  exter- 
nal compressed  gas  sources  are  less  de- 
sirable.'"■-- 

10.1.3.2  A  second  ventilator  should  be 
provided  for 

10.1.3.2.1  patients  who  cannot 
maintain  spontaneous  ventilation  for 
4  or  more  consecutive  hours;'*'"''-''' 

10.1.3.2.2  patients  who  live  in  an  area 
where  a  replacement  ventilator  cannot 
be  provided  within  2  hours ;^'"'^*'' 

10.1.3.2.3  patients  who  require  me- 
chanical ventilation  during  mobility 
as  prescribed  in  their  plan  of  care. 

10.1.4  An  adequate  power  source  must  be 
available  to  operate  the  ventilator  consis- 
tent with  patient  needs.-*-'^'"'-'''*-'"^*'  This 
may  be  supplied  by  one  or  more  of  the 
following  methods: 

10.1.4.1  Alternating  current  (AC)  is  the 
primary  power  source  for  most  long- 
term  care  ventilators.  Emergency  AC 
power  should  be  available  in  the  long- 
term  care  facility. 

10.1.4.2  Direct  current  (DC)  by  exter- 
nal battery  may  be  used  to  allow  mobil- 
ity and  as  an  emergency  power  source. 
The  internal  battery  of  the  ventilator 
should  be  used  only  for  short-term, 
emergency  use.  It  should  not  be  used  as 
a  primary  source  of  power. 

10.1.5  Alarms 

10.1.5.1  A  patient-disconnect  (eg.  low- 
pressure"^  or  low-exhaled- volume)  and 
a  high-pressure  alarm  are  essential. 

10.1.5.2  If  patient  disconnection  is 
likely  to  produce  a  serious  adverse  ef- 
fect, a  remote  alarm  and  a  secondary 
alarm  may  be  indicated.  A  secondary 
alarm  may  be  based  on  chest-wall 
impedance  and  cardiac  activity,  ex- 
haled volume,  end-tidal  COt,  or  pulse 
oximetry  with  alarm  capabilities."*- 

10.1.6  Humidification  system(s)  are  es- 


sential for  invasive  mechanical  ventila- 
tion. The  type  of  system  used  is  deter- 
mined by  the  patient's  medical  needs''' 
and  the  patient's  need  for  mobility. '"•'-''-'' 
It  may  be  appropriate  for  the  patient  to  use 
more  than  one  type  of  system,  based  on 
those  needs.'-'"*^"^-**' 

10.1.6.1  Heated  humidifier  (tempera- 
ture probes  should  be  provided). 

10.1.6.2  Heat  and  moisture  exchanger 
can  be  used  during  transport  and  to  en- 
hance mobility.""^' 

10.1.7  Ventilator  circuit  and  accessories 
as  medically  indicated. 

10.1.8  Self-inflating  resuscitation  bag 
with  tracheostomy  attachments  and  mask 
of  appropriate  size'"'"-''-'-'''^-^' 

10.1.9  Replacement  tracheostomy  tube  of 
appropriate  size  plus  a  tube  one  size 
smaller  should  be  available  at  all  times. 

10.1.10  Suction  equipment'^"''-'2i-^3-^^«-"' 
including  a  battery-powered  aspirator  for 
patients  who  leave  the  home  or  when  indi- 
cated as  an  alternate  source  in  the  event  of 
a  power  failure 

10.1.11  Supplemental  oxygen  as  medical- 
ly indicated '"■'"'^'■''' 

10.1.12  Patients  must  have  an  adequate 
means  of  communicating  their  needs  and 
desires  and  to  summon  help  in  the  case  of 
emergency.'" 

10.2  Personnel: 

10.2.1  Lay  caregivers  (eg,  family  mem- 
bers, personal  care  attendants,  and  non- 
credentialed  health  care  personnel  such  as 
nurse's  aides)  can  be  taught  skills  and 
techniques  of  care  for  a  specific  VAI. 
Appropriately  trained  lay  caregivers  must 
demonstrate  competency  in 

10.2.1.1  proper  set  up,  use,  trouble- 
shooting, and  maintenance  of  the  equip- 
ment and  supplies;'"--'-'--'-'-^''--*"-'""' 

10.2.1.2  patient  assessment  and  ongo- 
ing response  to  invasive  mechanical 
ventilation:"'-2-'-32.33.35.4o.65 

10.2.1.3  responding  to  the  hazards  of  in- 
vasive mechanical  ventilation;--  -■'■-''-'-'' 

10.2.1.4  responding  to  emergen- 
j,jg J.  10.23.32.39.40  ^J^  (f^g  gase  of 

10.2.1.4.1  power  failure; 
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10.2.1.4.2  acute  life  threatening  events 
such  as  accidental  decannulation--  or 
other  need  for  tracheostomy  tube  re- 
placement,'" other  unexpected  events, 
or  medical  deterioration  of  the  patient 

10.2.1.4.3  failure  of  equipment  or 
supplies; 

10.2.1.5  complying  with  appropriate 
infection  control  procedures; '""''^•*' 

10.2.1.6  providing  appropriate  return 
demonstrations  in  the  use  and  applica- 
tion of  any  additional  techniques  re- 
quired for  the  ongoing  care  of  the  VAI, 
such  as  suctioning  and  use  of  ancillary 
equipment; '"■^'^•^"•^"■^'^ 

10.2.2  Level-II  practitioners  are  health- 
care professionals  capable  not  only  of  pro- 
viding direct  patient  care  but  also  possess- 
ing demonstrated  competencies  to  monitor 
and  assess  both  the  patient  and  equipment. 
Level-II  practitioners  are  capable  of  train- 
ing and  evaluating  lay  caregivers.  Level-II 
practitioners  should  be  credentialed  health 
care  professionals  (eg,  RRT,  CRTT,  RN) 
with  documented  knowledge  and  demon- 
strated competencies  to: 

10.2.2.1  provide  knowledge  and  under- 
standing of  the  patient's  di.sease,  goals 
and  limitations  of  invasive  mechanical 
ventilation;^--^^-''' 

10.2.2.2  assess  patient's  response  to  in- 
vasive mechanical  ventilation; 

10.2.2.3  make  recommendations  for 
changes  in  respiratory  management  of 
patient,  including  weaning  as  neces- 
sary;'"•'' 

10.2.2.4  train  and  monitor  care- 

„jygP5-4.S, 10.32, 33.40.50 

10.2.2.5  monitor  patient's  ongoing 
ventilatory  status: 

10.2.2.6  communicate  results  of  as- 
sessment to  the  health  care  team.'^-'^ 

10.3  I-inances:  HIMV  can  only  be  instituted 
and  maintained  with  adequate  financial  re- 
sources to  provide  the  necessary  equipment  and 
personnel  to  manage  the  patient's  care.'""'''''''' 

HIMV  11.0    MONITORINC; 

The  frequency  of  monitoring  should  be  determined 


by  the  ongoing  individualized  care  plan  and  be 
based  upon  the  patient's  current  inedical  condition. 
The  ventilator  settings,  proper  function  of  equip- 
ment, and  the  patient's  physical  condition  should  be 
monitored  and  verified:  ( 1 )  with  each  initiation  of 
invasive  ventilation  to  the  patient,  including  alter- 
ing the  source  of  ventilation,  as  from  one  ventilator 
or  resuscitation  bag  to  another  ventilator;  (2)  with 
each  ventilator  setting  change;  (3)  on  a  regular  basis 
as  specified  by  individualized  plan  of  care.''^ 

All  appropriately  trained  caregivers  should  follow 
the  care  plan  and  implement  the  monitoring  that  has 
been  prescribed.  These  caregivers  may  operate, 
maintain  and  monitor  all  equipment  and  perform  all 
aspects  of  care  required  by  the  VAI  after  having 
been  trained  and  evaluated  on  their  level  of  knowl- 
edge for  that  equipment  and  the  VAI's  clinical  re- 
sponse to  each  of  the  interventions. 

11.1  Lay  caregivers  should  monitor  the  follow- 
ing regularly: 

11.1.1  Patient's  physical  condition:  respi- 
ratory rate,  heart  rate,  color  changes,  chest 
excursion,  diaphoresis,  and  lethargy, 
blood  pressure,  body  temperature. 

11.1.2  Ventilator  settings:  The  frequency 
at  which  alarms  and  settings  are  to  be 
checked  should  be  specified  in  the  plan  of 
care. 

11.1.2.1  Peak  pressures 

11.1.2.2  Preset  tidal  volume 

11.1.2.3  Frequency  of  ventilator 
breaths 

11.1.2.4  Verification  of  oxygen  con- 
centration setting 

11.1.2.5  PEEP  level  (if  applicable) 

11.1.2.6  Appropriate  humidification  of 
inspired  gases 

11.1.2.7  Temperature  of  inspired  gases 
(if  applicable) 

11.1.2.8  Heat  and  moisture  exchanger 
function 

11.1.3  Equipment  function:'"" 

11.1.3.1  Appropriate  configuration  of 
ventilator  circuit**- 

11.1.3.2  Alarm  function 

11.1.3.3  Cleanliness  of  filter(s) — ac- 
cording to  manufacturer's  recommen- 
dation 
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11.1.3.4  Battery  power  level(s) — both 
internal  and  external 

11.1.3.5  Overall  condition  of  all  equip- 
ment 

11.1.3.6  Self-inflating  manual  resusci- 
tator — cleanliness  and  function 

11.2  A  Level-II  practitioner  should  perform  a 
thorough,  comprehensive  assessment  of  the  pa- 
tient and  the  patient-ventilator  system  on  a  reg- 
ular basis  as  prescribed  by  the  plan  of  care.  In 
addition  to  the  variables  listed  in  11.1.1-11.1.3. 
the  Level-II  practitioner  should  implement, 
monitor,  and  assess  results  of  other  interven- 
tions as  indicated  by  the  clinical  situation  and 
anticipated  in  the  care  plan. 

11.2.1  Pulse  oximetry — should  be  used  in 
patients  requiring  a  change  in  prescribed 
oxygen  levels  or  in  patients  with  a  sus- 
pected change  in  condition.'"-''' 

11.2.2  End-tidal  CO2 — may  be  useful  for 
establishing  trends  in  CO2  levels  during 
weaning.  "'•^^•"•^^■^'■^-^•^'' 

11.2.3  Specimen  collection  (and  analysis 
as  applicable)  as  prescribed  by  physician — 
including  but  not  limited  to  sputum  and 
blood  work  (eg,  arterial  blood  gas  analysis 
and  complete  blood  counts).''"'-''--" 

11.2.4  Cardiorespiratory  monitoring 
(electrocardiogram,  heart-rate  trending )'° 

11.2.5  Pulmonary  function  testing 

11.2.6  Ventilator  settings 

11.2.7  Exhaled  tidal  volume 

11.2.8  Analysis  of  fraction  of  inspired 
oxygen 

11.3  Level-II  personnel  are  also  responsible  for 
maintaining  interdisciplinary  communication 
concerning  the  plan  of  care 

11.4  Level-II  personnel  should  integrate  respi- 
ratory plan  of  care  into  the  patient's  total  care 
plan.'"  Plan  of  care  should  include 

11.4.1  all  aspects  of  patient's  respiratory 
care**  and 

11.4.2  ongoing  assessment  and  education 
of  the  caregivers  involved. 

HIMV12.0   FREQUENCY: 

12.1  The  frequency  of  ventilation  (and  the  pa- 
tient's ventilator-free  time)  is  dictated  by  the 
patient's  physiologic  needs  and  is  determined 


in  consultation  with  the  patient's  physician. 
12.2  The  frequency  of  assessment  of  the  VAI 
and  the  patient-ventilator  system  must  be  noted 
in  the  evolving  total  care  plan  as  determined  by 
the  health  care  team,  in  conjunction  with  the 
VAI  and  their  caregivers. 

HIMV  13.0   INFECTION  CONTROL 

13.1  Both  professional  and  lay  caregivers  should 
be  aware  of  the  potential  for  transmission  of 
both  chronic  and  acute  infection  from  patient  to 
caregiver  and  from  caregiver  to  patient  and 
should  take  the  steps  necessary  to  avoid  that 
transmission.  Aspects  of  avoidance  include: 

13.1.1  careful  handwashing  and  barrier 
protection  when  appropriate 

13.1.2  careful  disposal  of  medical  waste 

13.1.3  adequate  environmental  air  ex- 
change 

13.1.4  maximizing  protection  of  patient, 
family,  and  caregivers  (eg,  influenza  im- 
munization) and  minimizing  exposure  to 
persons  with  acute  infections  (eg,  limiting 
visitors  with  upper  respiratory  infections). 

13.2  Evidence  is  lacking  to  support  an  optimal 
plan  for  changing  and  processing  ventilator  cir- 
cuits and  ancillary  equipment  in  the  home. 
However,  studies  from  institutional  settings*'-'^-^* 
suggest  that  ventilator  circuits  need  not  be 
changed  more  often  than  once  each  week. 
Further,  it  appears  that  the  less  often  a  circuit  is 
entered,  the  less  likely  contamination  is  to  occur. 

Respiratory  Home  Care  Focus  Group: 

Peggi  Robart  RRT  RCP,  Chairman,  Boston  MA 
Ban-y  J  Make  MD.  Denver  CO 
Susan  L  McInnitjfRRT  RCP.  Bremerton  WA 
Dennis  W  Tureson  Sr  RRT  CRTT.  Minneapolis  MN 
Melissa  P  Weimer.  RRT,  McKeesport  PA 
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CO2MVI.O    PROCEDURE: 

Capnography  comprises  the  continuous  analysis 
and  recording  of  carbon  dioxide  concentrations 
[CO2]  in  respiratory  gases.  Although  the  terms 
capnography  and  capnometry  are  sometimes  con- 
sidered synonymous,  capnometry  suggests  mea- 
surement (ie,  analysis  alone)  without  a  continuous 
written  record  or  waveform. 

CO2  MV  2.0    DESCRIPTION/DEFINITION: 

For  the  purposes  of  this  Guideline,  capnography 
refers  to  the  evaluation  of  the  [CO2]  in  the  respiratory 
gases  of  mechanically  ventilated  patients.  A  capno- 
graphic  device  incoiporates  one  of  two  types  of  ana- 
lyzers: mainstream  or  sidestream.'- Mainstream  ana- 
lyzers insert  a  sampling  window  into  the  ventilator 
circuit  for  measurement  of  CO2,  whereas  a  side- 
stream  analyzer  aspirates  gas  from  the  ventilator  cir- 
cuit, and  the  analysis  occurs  away  from  the  ventilator 
circuit.  Analyzers  utilize  infrared,  mass  or  Raman 
spectra,  or  a  photoacoustic  spectra  technology.''-^ 

CO2MV3.O    SETTING: 

This  procedure  may  be  performed  by  trained  health 
care  personnel  in  any  setting  in  which  mechanically 
ventilated  patients  are  found — for  example,  the  hos- 
pital, the  extended  care  facility,  or  during  transport. 

CO2MV4.O    INDICATIONS: 

On  the  basis  of  available  evidence,  capnography 
should  not  be  mandated  for  all  patients  receiving 
mechanical  ventilatory  support,  but  it  may  be  indi- 
cated for 

4.1  evaluation  of  the  exhaled  [CO2],  especially 
end-tidal  CO2,  which  is  the  maximum  partial 
pressure  of  CO2  exhaled  during  a  tidal  breath 


(just  prior  to  the  beginning  of  inspiration)  and 
is  designated  Petco:;'^'^ 

4.2  monitoring  severity  of  pulmonary  disease^ 
and  evaluating  response  to  therapy,  especially 
therapy  intended  to  improve  the  ratio  of  dead 
space  to  tidal  volume  ( Vd/Vt)^'^  and  the  match- 
ing of  ventilation  to  perfusion  ( V/Q),''  and,  pos- 
sibly, to  therapy  intended  to  increase  coronary 
blood  now  :-'^'"" 

4.3  determining  that  tracheal  rather  than 
esophageal  intubation  has  taken  place  (low  or 
absent  cardiac  output  may  negate  its  use  for  this 
indication);'-'" 

4.4  continued  monitoring  of  the  integrity  of  the 
ventilatory  circuit,  including  the  artificial  air- 
way;'--'^^ 

4.5  evaluation  of  the  efficiency  of  mechanical 
ventilatory  support  by  determination  of  the  dif- 
ference between  the  arterial  partial  pressure  for 

C02(PaCO:)andthePe,CO:."" 

4.6  reflecting  CO2  elimination;''' 

4.7  monitoring  adequacy  of  pulmonary  and 
coronary  blood  flow ;'"■"■-""" 

4.8  monitoring  inspired  CO2  when  CO2  gas  is 
being  therapeutically  administered;--' 

4.9  graphic  evaluation  of  the  ventilator-patient 
interface.  Evaluation  of  the  capnogram  may  be 
useful  in  detecting  rebreathing  of  CO2,  obstruc- 
tive pulmonary  disease,  waning  neuromuscular 
blockade  ('curare  cleft'),  cardiogenic  oscilla- 
tions, esophageal  intubation,  cardiac  arrest,  and 
contamination  of  the  monitor  or  sampling  line 
with  secretions  or  mucus.-'* 

CO2  MV  5.0    CONTRAINDICATIONS: 

There  are  no  absolute  contraindications  to  capnog- 
raphy in  mechanically  ventilated  adults  provided 
that  the  data  obtained  are  evaluated  with  considera- 
tion given  to  the  patient's  clinical  condition. 
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CO2  MV  6.0    HAZARDS/COMPLICATIONS: 

Capnography  with  a  clinically  approved  device  is  a 
safe,  noninvasive  test,  associated  with  few  hazards. 
With  mainstream  analyzers,  the  use  of  too  large  a 
sampling  window  may  introduce  an  excessive 
amount  of  dead  space  into  the  ventilator  circuit.---'' 
Care  must  be  taken  to  minimize  the  amount  of  addi- 
tional weight  placed  on  the  artificial  airway  by  the 
addition  of  the  sampling  window  or,  in  the  case  of  a 
sidestream  analyzer,  the  sampling  line. 

CO2  MV  7.0  LIMITATIONS  OF  PROCEDURE 
OR  DEVICE: 

Capnography,  when  performed  using  a  device  cali- 
brated and  operated  as  recommended  by  the  manu- 
facturer, has  few  limitations.  It  is  important  to  note 
that  although  the  capnograph  provides  valuable  in- 
formation about  the  efficiency  of  ventilation  (as 
well  as  pulmonary  and  coronary  perfusion),  it  is 
not  a  replacement  or  substitute  for  assessing  the 
PaCO;-'^""*"^  "**  The  difference  between  Petco:  and 
PaCO:  increases  as  dead-space  volume  increases.  In 
fact,  the  difference  between  the  PaCO:  and  Petco: 
has  been  shown  to  vary  within  the  same  patient 
over  time.-'' '- 

Certain  situations  may  affect  the  reliability  of  the 
capnogram.  The  extent  to  which  the  reliability  is  af- 
fected varies  somewhat  among  types  of  devices  (in- 
frared.^^  photoacoustic,  mass  spectrometry,  and 
Raman  spectrometry).  Limitations  include 

7.1  The  composition  of  the  respiratory  gas  mix- 
ture may  affect  the  capnogram  (depending  on 
the  measurement  technology  incorporated). 

7. LI  The  infrared  spectrum  of  CO2  has 
some  similarities  to  the  spectra  for  both 
oxygen  and  nitrous  oxide.''  High  concen- 
trations of  either  or  both  oxygen  or  nitrous 
oxide  may  affect  the  capnogram.  and, 
therefore,  a  correction  factor  should  be  in- 
corporated into  the  calibration  of  any 
capnograph  used  in  such  a  setting.''* 
7.1.2  The  reporting  algorithm  of  some  de- 
vices (primarily  mass  spectrometers)  as- 
sumes that  the  only  gases  present  in  the 
sample  are  those  thai  the  device  is  capable 
of  measuring.'"^  When  a  gas  that  the  mass 
spectrometer  cannot  detect  (such  as  heli- 


um) is  present,  the  reported  values  of  CO: 
are  incorrectly  elevated  in  proportion  to 
the  concentration  of  helium  present. 

7.2  The  breathing  frequency  may  affect  the 
capnograph.  High  breathing  frequencies  may 
exceed  the  response  capabilities  of  the  capno- 
graph.^*' In  addition,  the  breathing  frequency, 
above  10  breaths/min,  has  been  shown  to  affect 
devices  differently." 

7.3  The  presence  of  Freon  (used  as  a  propellant 
in  metered  dose  inhalers)  in  the  respiratory  gas 
has  been  shown  to  artificially  increase  the  CO: 
reading  of  mass  spectrometers  (ie,  to  show  an 
apparent  increase  in  [CO:]).  A  similar  effect 
has  not  yet  been  demonstrated  with  Raman  or 
infrared  spectrometers.'^ 

7.4  Contamination  of  the  monitor  or  sampling 
system  by  secretions  or  condensate,  a  sample 
tube  of  excessive  length,  a  sampling  rate  that  is 
too  high,  or  obstruction  of  the  sampling  cham- 
ber can  lead  to  unreliable  results. 

CO2  MV  8.0    ASSESSMENT  OF  NEED: 

Capnography  is  considered  a  standard  of  care  dur- 
ing anesthesia.'-  The  Society  of  Critical  Care  Medi- 
cine has  suggested  that  capnography  be  available  in 
every  ICU.'''  Assessment  of  the  need  to  use  capnog- 
raphy with  a  specific  patient  should  be  guided  by 
the  clinical  situation.  The  patient's  primary  cause  of 
respiratory  failure  and  the  acuteness  of  his  or  her 
condition  should  be  considered.  Patients  with  se- 
vere dynamic  disease,  such  as  ARDS,  should  be 
considered  candidates  for  capnography.^ '' 

CO2  MV  9.0    ASSESSMENT  OF  OUTCOME: 

Results  should  reflect  the  patient's  condition  and 
should  validate  the  basis  for  ordering  the  monitor- 
ing. Documentation  of  results  (along  with  all  venti- 
latory, and  hemodynamic  variables  available),  ther- 
apeutic interventions,  and/or  clinical  decisions 
made  based  on  the  capnogram  should  be  included 
in  the  patient's  chart. 

CO2  MV  10.0  rp:sources: 

10.1  Equipmenl:  The  capnograph  and  acces- 
sories (eg,  airway  adapter,  sampling  tube,  de- 
pending on  capnograph).  The  capnograph 
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should  be  calibrated  as  recommended  by  the 
manufacturer,  with  calibration  quality  gases  in 
the  clinical  range  of  [CO:]. 
10.2  Personnel:  Licensed  or  credentialed  respi- 
ratory care  practitioners  or  individuals  with 
similar  credentials  (eg,  MD,  RN)  who  have  the 
necessary  training  and  demonstrated  skills  to 
correctly  calibrate  and  evaluate  the  capno- 
graph,  assess  the  patient  and  the  patient-venti- 
lator system,  and  the  ability  to  exercise  appro- 
priate clinical  judgment. 

CO2  MV  11.0  MONITORING: 

During  capnography  the  following  should  be  con- 
sidered and  monitored 

11.1  ventilatory  variables:  tidal  volume,  respi- 
ratory rate,  positive  end-expiratory  pressure,  in- 
spiratory-to-expiratory  time  ratio  (I:E),  peak 
airway  pressure,  and  concentrations  of  respira- 
tory gas  mixture;-^-'' 

11.2  hemodynamic  variables:  systemic  and  pul- 
monary blood  pressures,  cardiac  output,  shunt, 
and  ventilation-peifusion  imbalances.-"*  -" 

CO2  MV  12.0  FREQUENCY: 

Capnography  (or,  at  least,  capnometry)  should  be 
available  during  endotracheal  intubation.'-  '''""-^ 
Capnography  is  not  indicated  for  every  mechanical- 
ly ventilated  patient;  however,  when  it  is  used,  the 
measurement  period  should  be  long  enough  to  allow 
determination  of  the  PaCOrPetco:  difference,  note 
changes  in  PaCOrPetCO:  difference  as  a  result  of  ther- 
apy, and  allow  interpretation  of  observed  trends. 

CO2  MV  13.0  INFECTION  CONTROL: 

No  specific  precautions  are  necessary  although 
Universal  Precautions  (as  described  by  the  Centers 
for  Disease  Control  &  Prevention)^"  and  precau- 
tions designed  to  limit  the  spread  of  tuberculosis'*' 
should  always  be  implemented  during  patient  care. 

13.1  The  sensor  (the  portion  of  the  device  con- 
tacting the  patient's  airway)  should  be  subject- 
ed to  high-level  disinfection  between  patients, 
according  to  the  manufacturer's  recommenda- 
tions. 

13.2  The  monitor  (the  portion  not  contacting 
the  patient  or  the  patient's  airway)  should  be 


cleaned  as  needed  according  to  manufacturer's 
recommendations. 

Mechanical  Ventilation  Focus  Group 
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Selection  of  an  Aerosol  Delivery  Device 
for  Neonatal  and  Pediatric  Patients 


NPAM  1.0     PROCEDURE: 

This  guideline  addresses  the  appropriate  selection 
of  a  device  for  the  administration  of  aerosolized 
medications  by  small  volume  nebulizer  (SVN), 
large  volume  nebulizer  (LVN),  metered  dose  in- 
haler (MDI),  and  dry  powder  inhaler  (DPI)  to 
neonatal  and  pediatric  patients.  Recommendations 
are  made  for  patients  both  with  and  without  an  arti- 
ficial airway,  those  spontaneously  breathing,  and 
those  requiring  assisted  positive-pressure  breath- 
ing. Evidence  suggests  that  in  pediatric  patients  a 
properly  used  MDI  is  as  effective  for  delivering 
medications  as  is  an  SVN.' ■'^ 

NPAM  2.0     DESCRIPTION: 

Effective  administration  of  medication  as  aerosol  de- 
pends on  the  delivery  system  and  its  position  in  rela- 
tion to  the  patient.''-^  Aerosol  particle  deposition  is  in- 
fluenced by  particle  size,  ventilatory  pattern,  and  air- 
way architecture.**  Effective  medication  response  is 
also  influenced  by  the  dose  of  the  medication 
used.''"'-  In  the  neonatal  and  pediatric  population,  the 
process  for  determining  the  doses  of  specific 
aerosolized  medications  is  not  completely  under- 
stood.'""  Drug  pharmacokinetics  and  pharmaco- 
dynamics are  markedly  altered  in  neonates  and  may 
require  dose  adjustments.""'  This  guideline  address- 
es characteristics  of  an  aerosol  delivery  system. 

This  guideline  provides  recommendations  to  assist 
the  clinician  in  selecting  an  aerosol  delivery  device 
ba.sed  on  the  patient's  ability.  Identifying  the  ability 
of  the  patient  (ie,  coordination  and  generated  flows, 
rather  than  specific  age  requirements)  is  essential  to 
selecting  the  appropriate  aerosol  delivery  device  in 
any  population. 


The  three  principal  elements  of  an  aerosol  delivery 
system  are  the  generator,  the  power  source,  and  the 
interface.*-^  Generators  include  small  volume  nebu- 
lizers (SVN),  large  volume  nebulizers  (LVN).  me- 
tered dose  inhalers  (MDI),  and  dry  powder  inhalers 
(DPI).^  '^  The  power  source  is  the  mechanism  by 
which  the  generator  operates  or  is  actuated  and  in- 
cludes compressed  gas  for  SVN  and  LVN  and  self- 
contained  propellants  for  MDI.^  '^  The  interface  is 
the  conduit  between  the  generator  and  the  patient 
and  includes  spacer  devices/accessory  devices  with 
mouthpieces  or  face  masks. ^'^  Depending  on  the 
patient's  age  (ability)  and  coordination,  various  in- 
terfaces are  used  in  conjunction  with  SVN  and  MDI 
in  order  to  optimize  drug  delivery.'''^ 

A  SVN  is  a  jet  nebulizer  that  is  powered  by  a  com- 
pressed gas  source.  The  medication  is  displaced  up 
a  capillary  tube  from  the  nebulizer's  reservoir  and 
is  dispersed  continuously  as  aerosolized  particles.^ 
The  aerosolized  particles  are  spontaneously  inhaled 
by  the  patient  or  delivered  in  conjunction  with  posi- 
tive-pressure breaths.^-^  For  patients  >  3  years  who 
are  spontaneously  breathing  without  an  artificial 
airway  and  are  able  to  cooperate,  a  mouthpiece  with 
an  extension  reservoir  should  be  used.^-^  For  pa- 
tients unable  to  negotiate  a  mouthpiece  (usually  <  3 
years),  a  face  mask  should  be  used.'*'^ 

A  MDI  is  a  pressurized  canister  that  contains  a 
medication  and  propellant.  Actuation  of  the  MDI 
results  in  the  ejection  of  one  dose  of  medication  as 
aerosolized  particles,  which  can  be  spontaneously 
inhaled  by  the  patient  or  delivered  in  conjunction 
with  positive-pressure  breaths.^  A  spacer  device/ 
accessory  device  should  be  used  with  an  MDI.  A 
spacer  device  enhances  delivery  by  decreasing  the 
velocity  of  the  particles  and  reducing  the  number 
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of  large  particles.-"-'  A  spacer  device  with  a  one- 
way valve,  ie.  holding  chamber,  eliminates  the 
need  for  the  patient  to  coordinate  actuation  and  in- 
halation and  optimizes  drug  delivery.-"-'  A  spacer 
device  without  valves  requires  coordination  be- 
tween inhalation  and  actuation.  The  MDI  with 
spacer  device  and  face  mask  is  appropriate  for  pa- 
tients (usually  <  3  years)  unable  to  use  a  mouth- 
piece.'*'---^ 

A  DPI  is  a  breath-actuated  device  that  uses  a  gelatin 
capsule  containing  a  single  dose  of  medication  and 
a  carrier  substance  to  aid  in  the  dispersion  of  the 
drug.^  The  capsule  is  inserted  into  the  device  and 
punctured.-^  The  patient's  inspiratory  flow  dispers- 
es the  dry  particles  and  draws  them  into  the  lower 
airways.-*^  In  spontaneously  breathing  patients,  this 
device  is  appropriate  in  patients  who  are  able  to 
achieve  an  inspiratory  flow  >  50  L/min.  This  usual- 
ly coiTesponds  to  children  >  6  years  of  age."-** 

A  LVN  can  be  used  to  deliver  a  dose  of  medication 
continuously  over  a  period  of  time.""'-^'  A  LVN  is 
powered  by  a  compressed  gas  source,  and  a  face 
mask  is  typically  used  as  the  interface. ""'  There  has 
been  only  limited  investigation  of  its  use  in  the 
neonatal  and  pediatric  population. 

NPAM  3.0     SETTING: 

Aerosolized  medications  can  be  administered  in  a 
number  of  settings  including  hospitals,  clinics,  ex- 
tended care  facilities,  the  home,  and  during  trans- 
portation. 

NPAM  4.0     INDICATIONS: 

An  aerosol  delivery  system  is  indicated  when  a 
medication  approved  for  inhalation  is  prescribed. 

NPAM  5.0     CONTRAINDICATIONS: 

5.1  Contraindications  associated  with  specific 
medications  may  exist.  Pharmaceutical  infor- 
mation should  be  consulted  for  relative  con- 
traindications, 

5.2  An  MDI  or  DPI  siiould  not  be  used 

5.2.1  lor  patients  with  known  allergies  to 
metlicalion  preservalives; 

5.2.2  for  patients  unable  to  perlorni  the 


respiratory  maneuver  required  to  dis- 
perse/deliver the  drug. 

NPAM  6.0     HAZARDS/COMPLICATIONS: 

6.1  Aerosol  delivery 

6.1.1  Malfunction  of  device  and/or  im- 
proper technique  may  result  in  underdos- 
ing. Overuse  may  result  in  overdosing.''-'' 

6.1.2  Specific  pharmacologic  agents  can 
produce  adverse  side  effects.'-* 

6.1.3  The  prescription  of  aerosol  delivery 
devices  for  use  in  the  home  can  lead  to 
misuse  if  the  user  has  not  been  properly 
trained.'^ ''' 

6.2  SVN 

6.2.1  Continuous  nebuli/er  tlow  increases 
tidal  volume  and  associated  pressure  dur- 
ing volume-targeted  ventilation.'^  '** 

6.2.2  Continuous  flow  creates  a  bias  flow  in 
the  ventilator  circuit  and  may  interfere  with 
patient-triggered  modes  of  ventilation.'^  ''' 

6.2.3  Continuous  flow  of  aerosol  may 
damage  the  expiratory  flow  transducers 
found  in  some  ventilators.'^ 

6.2.4  The  continuous  tlow  of  gas  from  a 
flowmeter  or  compressor  to  an  inline  neb- 
ulizer used  with  a  continuous-flow  venti- 
lator may  result  in  an  excess  of  flow  and 
may  cause  an  increase  in  airway  pressure 
and/or  expiratory  retard  or  PEEP. 

6.2.5  The  continuous  flow  of  gas  from  a 
flowmeter  or  compressor  to  an  in-line  neb- 
ulizer used  with  a  ventilator  may  result  in 
variable  F|o,s. 

6.2.6  Aerosol  particles  may  deposit  and 
crystallize  on  expiratory  mechanisms  and 
may  create  inadvertent  expiratory  resis- 
tance or  PEEP"'- '^ 

6.2.7  Medication  reservoirs  may  become 
contaminated  and  can  be  a  source  of  in- 
fection.'*" 

6.2.8  Diluents  that  are  not  isotonic  may 
increase  airway  reactivity.''' 

6.3  MDI 

6.3.1  The  volume  of  gas  discharged  with 
actuation  of  the  canister/inhaler  may  add  a 
clinically  important  volume  to  tidal  vol- 
ume particularly  in  neonates." 

6.3.2  Additional  dead-space  volume  can 
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occur  when  a  spacer  device  is  placed  at 
the  end  of  an  artificial  airway. 

6.3.3  Volume  of  gas  discharged  from  MDI 
may  affect  Fio- 

6.3.4  Inappropriate  patient  use  may  result 
in  underdosing  or  overdosing. 

6.3.5  Reaction  to  propellants  and  other 
additives  including  coughing  and  wheez- 
ing may  occur.''"'""-*' 

6.3.6  Chlorofluorocarbons  may  contribute 
to  ozone  depletion."''^'^ 

6.3.7  Oropharyngeal  impaction  from  cor- 
ticosteroid supplied  in  MDI  form  may  re- 
sult in  local  side  effects. ''■■'* 

6.4  DPI 

6.4.1  Airway  irritation  from  dry  powder 
may  occur.'-'^ 

6.4.2  Reaction  to  lactose  or  glucose  carri- 
ers may  occur.^-** 

6.5  LVN 

6.5.1  Side  effects  may  occur  at  any  time 
during  continuous  nebulization,  and  fre- 
quent assessment  is  required.''"'" 

6.5.2  Medication  reservoirs  may  become 
contaminated  and  can  be  a  source  of  in- 
fection.""' 

NPAM  7.0     LIMITATIONS  OF  PROCEDURE 
OR  DEVICE: 

7.1  SVN 

7.1.1  Deposition  of  medication  into  the 
lungs  is  reduced  to  as  little  as  2-10%  of 
the  dose,*^'^  '■*'*^""  and  may  vary  from 
brand  to  brand  and  unit  to  unit  of  the  same 
brand. 

7.1.1.1  Patients  with  smaller  tidal  vol- 
umes, particularly  neonates'^  "'''"^  or 
dyspneic  patients  with  shallow  breath- 
ing may  inhale  less  of  the  aerosolized 
agent  and  receive  less  of  the  dose  when 
nebulization  is  continuous. '■*-^^  ■"- 

7.1.1.2  Patients  with  airways  of  smaller 
diameter  may  receive  a  smaller  fraction 
of  the  total  particles  produced. '^•'^''■^-^"" 

7.1.1.3  High  inspiratory  flows,  as  those 
associated  with  crying,  may  reduce  de- 
position. 

7.1.1.4  Approximately  one  half  the  ini- 
tial solution  volume  is  deposited  on  the 


internal  walls  and  reservoir  of  the 

SVN  6'8--*7.58-60 

7.1.1.5  Concentration  of  the  solution 
increases  during  nebulization  resulting 
in  retention  of  much  of  the  dose  in  the 
SVN.^s-*^-'^'*'^'^  The  effects  of  changing 
osmolality  on  bronchoreactivity  are  not 
clear. 

7.1.1.6  Aero.sol  is  lost  during  the  expi- 
ratory phase  of  breathing.'' 

7.1.1.7  Treatment  length  may  result  in 
premature  termination  prior  to  com- 
plete nebulization  of  medication.^'' 

7.1.1.8  Fill  volume  in  the  SVN  affects 
the  output. ^'^ 

7.1.2  Use  is  labor  intensive  and  costly.'''"''^ 

7.1.3  Duration  of  treatment  is  variable  and 
may  be  prolonged.''^''"'-  (Increasing  dilu- 
ent volume  lengthens  treatment  time  but 
may  iinprove  drug  delivery.^-'''*) 

7.1.4  The  need  for  a  power  source  makes 
the  SVN  less  portable,  particularly  in  the 
home  setting.''-' 

7.1.5  SVNs  require  preparation  and  clean- 
ing.' 

7.1.6  The  brand  of  SVN  used  (ie,  those 
that  operate  effectively  only  in  the  upright 
position). 

7.2  SVN  in  conjunction  with  positive-pressure 
breathing. 

7.2.1  Impaction  of  aerosol  pailicles  on  aili- 
ficial  airways  greatly  reduces  deposi- 
tion."''-''"'" The  presence  of  artificial  airways 
of  smaller  diameter  results  in  a  greater  re- 
duction in  particle  deposition  and  delivered 
(JQjjg  6.7,67.71.72  j^Q  smaller  the  artificial  air- 
way, the  greater  the  reduction  in  particle  de- 
position. 

7.2.2  Limited  research  on  use  of  aerosols 
in  neonatal  and  pediatric  patients  has  been 
published."-^^'' 

7.2.3  Aerosol  delivery  may  be  less  effec- 
tive in  conjunction  with  manual  ventila- 
tion than  with  mechanical  ventilation. '''■''- 

7.2.4  Mechanical  ventilator  modes,  flows, 
and  flow  patterns  may  affect  particle  de- 
position.-'^''^'''''-* 

7.2.5  The  presence  of  an  in-line  humidifi- 
er may  reduce  aerosol  delivery  by  50%." 

7.2.6  Use  of  SVN  with  continuous-flow 
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ventilators  may  result  in  the  loss  of  a  large 
percentage  of  the  aerosolized  particles 
through  the  exhalation  valve." 
7.2.7  Positioning  of  the  SVN  too  close  to 
the  artificial  airway  results  in  less  airway 
deposition."'-^-*^-*'-'' 
7.3  SVN  with  face  mask 

7.3.1  Cold,  wet  mist  may  be  irritating  to 
children  and  may  limit  the  time  that  the 
treatment  is  tolerated.''' 

7.3.2  Nasal  breathing  results  in  a  reduc- 
tion in  particle  deposition. ^^-^^^^ 

7.3.3  Particle  deposition  is  reduced  be- 
cause of  upper  airway  impaction.-"-'^-^^ 

7.  4  MDI 

7.4.1  Use  of  an  MDI  without  a  spacer  de- 
vice with  one-way  valve  (ie,  holding 
chamber),  requires  the  patient  to  coordi- 
nate the  actuation  of  the  canister  with  in- 
halation, which  may  be  particularly  diffi- 
cult for  small  children  (eg,  <  7  years l.'"*-^** 

7.4.2  Use  of  an  MDI  without  a  spacer  de- 
vice results  in  greater  oropharyngeal  im- 
paction and  a  reduction  in  airway  deposi- 

7.4.3  Use  of  an  MDI  without  a  spacer  de- 
vice inay  result  in  a  cold  sensation  when 
the  propellant  reaches  the  back  of  the 
throat  (ie,  cold-Freon  effect)  that  may  in- 
terfere with  proper  delivery  technique.^-'^'^*^ 

7.4.4  Inadequate  or  inaccurate  instruction 
and  technique  may  result  in  misuse  and 
reduced  aerosol  deposition.''*'*'**' 

7.4.5  Propellants  may  cause  broncho- 
spasm  in  some  patients  with  reactive  air- 
way diseases.'" 

7.4.6  Average  deposition  in  the  lungs  is 
10%  to  25%  of  the  total  dose. ■*"■>*-"*" 

7.4.7  Particle  size  varies  with  operating 
pressure  which  is  directly  related  to  canis- 
ter temperature. 

7.5  MDI  with  spacer  device 

7.5.1  Addition  of  the  spacer/accessory  de- 
vice increases  cost  over  cost  of  the  MDI 
alone. ''■^ 

7.5.2  The  spacer/accessory  device  is  rela- 
tively cumbersome  and  less  convenient 
than  the  MDI  alone. "^ 

7.5.3  All  spacer/accessory  devices  may 
not  fit  all  MDIs. 


7.5.4  All  spacer  devices/accessory  devices 
do  not  eliminate  coordination  problems. 

7.5.4.1  A  spacing/accessory  device  with 
a  one-way  valve  (ie,  holding  chamber) 
eliminates  coordination  problem. 

7.5.4.2  Open  tube  spacer/accessory  de- 
vices (non-valved)  require  coordination. 

7.6  MDI  with  spacer  device-face  mask — The 
inspiratory  flow  and  the  number  of  inhalations 
required  by  neonates  and  small  children  (<  3 
years)  to  effectively  use  these  devices  is  not 
completely  understood. '''■'--''■***^ 

7.7  MDI  with  spacer  device  designed  for  me- 
chanical ventilation 

7.7.1  Research  is  limited  in  this  popula- 
tion.'-'-' 

7.7.2  The  smaller  the  diameter  of  the  artifi- 
cial airway,  the  greater  the  reduction  in  par- 
ticle deposition  and  delivered dose.""-^'* 

7.7.3  Particle  deposition  may  be  as  low  a  2- 
10%  of  the  total  drug  delivered. '■'-"'"^■'*'^-'^' 

7.7.4  Use  of  an  elbow-type  spacer  results 
in  less  airway  deposition  than  a  chamber- 
type  spacer.  ■''^■*'^-**'-'-'*- 

7.7.5  The  chamber  type  spacer  if  left  in- 
line with  a  ventilator  circuit  potentially  in- 
creases the  compressible  volume  of  the 
ventilator  circuit. 

7.7.6  The  gas  discharged  from  the  MDI 
may  affect  Fio:- 

7.8  DPI 

7.8.1  Reduced  inspiratory  flow  (<  50  L/ 
min)  can  lead  to  reduced  deposition. '"'■-''■'^-■'^■' 
This  may  be  more  likely  in  children  <  6 
years'-'-''  and  in  an  acute  exacerbation  when 
peak  flows  are  significantly  reduced. 

7.8.2  Some  drug  preparations  are  water 
soluble  and,  thus,  humidity  may  affect 
DPI  performance.''' 

7.8.3  Oropharyngeal  impaction  of  much 
of  the  dose  occurs  and  results  in  a  reduc- 
tion in  lower  airway  deposition.''*-'* 

7.8.4  The  patient  must  be  able  to  load 
each  dose,  for  most  medications."*' 

7.8.5  Average  deposition  in  the  lungs  is 
10-25%  of  the  total  dose.'""-'" 

7.9  LVN  with  mask 

7.9.1  The  use  of  LVN  for  continuous  neb- 
ulization  in  the  pediatric  population  has 
not  been  widely  investigated."'"^ 
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7.9.2  Cold,  wet  mist  may  be  irritating  to 
children  and  may  limit  the  time  that  the 
treatment  is  tolerated. '^ 

7.9.3  Nasal  breathing  results  in  a  reduc- 
tion in  lower  airway  deposition. ■'^^''■" 

7.9.4  Bronchial  deposition  is  reduced  be- 
cause of  upper  airway  impaction.-""'-^' 

7.9.5  Limited  to  use  in  a  critical  care  set- 
ting. Not  appropriate  for  home  use. 

7.10  Drug  pharmacokinetics  and  pharmacody- 
namics are  markedly  altered  in  neonates  and 
may  require  dose  adjustments. '^'^ 

NPAM  8.0     ASSESSMENT  OF  NEED: 

8.1  SVN:  General  Indications 

8.1.1  The  need  to  deliver  aerosolized 
medications  that  are  approved  in  solution 
form  to  the  lower  airway  of  spontaneously 
breathing  patients  with  or  without  an  in- 
strumented airway."'  '■' 

8.1.2  The  need  to  provide  supplemental 
gas  flow  in  conjunction  with  aerosol  treat- 
ment.' 

8.1.3  The  need  to  modify  drug  concentra- 
tion.' 

8.1.4  The  need  to  deliver  a  particular 
aerosolized  medication  that  is  only  avail- 
able in  solution  form. 

8.1.5  The  need  to  deliver  aerosolized 
medications  to  patients  in  acute  distress  or 
with  reduced  inspiratory  flow. 

8.1.6  The  need  to  deliver  aerosolized 
medications  to  patients  who  are  unable  to 
coordinate  or  perform  the  necessary  in- 
spiratory maneuvers  required  with  an 
MDIorDPI. 

8.2  SVN  with  mouthpiece  and  extension  reser- 
voir— The  need  to  deliver  aerosolized  medica- 
tions approved  in  solution  form  to  the  lower 
airways  of  spontaneously  breathing  patients 
without  an  instrumented  airway  who  are  able  to 
utilize  a  mouthpiece  (patients  >  3  years). '^■' 

8.3  SVN  with  face  mask 

8.3.1  The  need  to  deliver  aerosolized 
medications  that  are  approved  in  solution 
form  to  the  lower  airways  of  spontaneous- 
ly breathing  patients  without  an  instru- 
mented airway  who  are  unable  to  negoti- 
ate a  mouthpiece  (usually  <  3  years). '^■''' 


8.3.2  The  need  to  deliver  aerosolized 
medications  to  the  upper  airway. 

8.4  SVN  with  T-connector  ( 15-mm  and  22-mm 
openings) 

8.4.1  The  need  to  deliver  aerosolized 
medications  approved  in  solution  form  in- 
line with  a  mechanical  ventilator  circuit  or 
manual  resuscitation  bag.''*'^'^' 

8.4.2  The  need  to  deliver  aerosolized 
medications  approved  in  solution  form  to 
patients  with  instrumented  airways  who 
are  spontaneously  breathing. 

8.5  MDl:  General  indications 

8.5.1  The  need  to  deliver  aerosolized 
medications  that  are  approved  in  MDl 
form."* 

8.5.2  The  need  to  deliver  a  particular 
medication  that  is  only  available  in  MDl 
form. 

8.5.3  The  need  to  reduce  the  length  of 
time  for  the  aerosol  treatment. 

8.5.4  The  need  for  maximum  portability.^"^ 

8.6  MDl  with  spacer  device  with  one-way 
valve — 

8.6.1  The  spacer  device  with  one-way 
valve  and  face  mask  is  appropriate  for 
small  children  (usually  <  3  years)  and  oth- 
ers unable  to  use  a  mouthpiece.'^---'-'' 

8.6.2  The  need  to  eliminate  actuation  and 
inspiratory  maneuver  coordination.-"-' 

8.6.3  The  need  to  reduce  oropharyngeal 
impaction,-" -'particularly  with  the  deliv- 
ery of  corticosteroids  by  inhalation.'**'*'' 

8.6.4  The  valved-spacer  device  with 
mouthpiece  is  the  method  of  choice  if  pa- 
tient is  able  to  use  a  mouthpiece. 

8.6.5  A  specially  designed  spacer  device 
is  used  for  MDI-delivery  during  mechani- 
cal ventilation  or  with  manual  resuscita- 
tors.'-'-'"" 

8.7  MDl  with  a  non-valved  spacer  device 

8.7.1  The  need  to  use  a  MDl  when  a  patient 
can  coordinate  inspiration  and  actuation. 

8.7.2  The  need  to  reduce  oropharyngeal 
impaction,-"-'  particularly  with  the  deliv- 
ery of  corticosteroids  by  inhalation.'*'^''' 

8.9  DPI 

8.9.1  The  need  to  deliver  aerosolized  med- 
ications approved  in  DPI  form. ''*'■'"' '"- 

8.9.2  The  need  to  deliver  a  particular 


Respiratory  Care  •  December  '95  Vol  40  No  12 


1329 


AARC  Guideline:  Aerosol  Delivery  Device  for  Neonatal  &  Pediatric  Patients 


medication  that  is  only  available  in  DPI 

8.9.3  The  need  to  eliminate  chlorotluoro- 

carbon  propellants. 
8.10  LVN — The  need  to  deliver  continuously 
aerosolized  medication,  approved  in  solution 
form,  to  the  lower  airway  of  spontaneously 
breathing  patients  without  an  instrumented  air- 
way." 

NPAM  9.0     ASSESSMENT  OF  OUTCOME: 

9.1  Desired  medication  effect  is  observed  as  in- 
dicated by  an  improvement  in  subjective  (phys- 
ical examination)  and  objective  (pulmonary 
function  measurements)  assessments.''^-'"-"^-''''"'* 

9.2  Health  care  providers  demonstrate  compe- 
tency with  proper  technique  and  patient  instruc- 
tion of  aerosol  delivery  systems." 

9.3  Patients  and  patients'  family  members 
demonstrate  proper  technique  and  compliance 
with  the  application  of  aerosol  delivery  sys- 
tems.^^ 

NPAM  10.0  RESOURCES 

10.1  Equipment 

10.1.1  SVN  capable  of  producing  a  high 
drug  output,  short  nebulization  time, 
aerosol  particles  with  a  mass  median  aero- 
dynamic diameter  (MMAD)  <  5  /J,  and 
with  a  low  residual  volume.'*-'^'"*-**'  Charac- 
teristics of  nebulizers  may  vary  among 
brands  and  among  units  of  the  same  brand. 

10.1.1.1  Power  source  such  as  hospital 
compressed  oxygen  or  air,  portable 
oxygen  or  air  cylinder,  or  domiciliary 
air  compressor  capable  of  producing  a 
flow  of  at  least  6-8  L/min.'"'*-''*""* 

10.1.1.2  A  blender  for  use  with  a  venti- 
lator to  maintain  desired  Fio, 

10.1.2  Interface 

10.1.2.1  Face  mask  for  small  children 
unable  to  utilize  a  mouthpiece  which 
may  include  an  additional  6-inch  sec- 
tion of  aerosol  tubing."* ''' 

10.1.2.2  Mouthpiece  with  extension 
reservoir.'' 

10.1.2.3  T-conncctor  with  15-  and  22- 
mm  openings  or  tracheostomy  collar 


adaptation  for  patients  with  artificial 
airway  and/or  receiving  aerosolized 
medications  in  conjunction  with  a  man- 
ual resuscitation  bag. 
10.1.2.4  T-connector  with  inspiratory 
circuit  reservoir  for  patients  receiving 
aerosolized  medications  in  conjunction 
with  mechanical  ventilation.*'' 
10.1.3  Medication  and  isotonic  diluent. 
10.1.3.1  MDI,  which  includes  the  med- 
ication canister  and  actuator,  with  ap- 
propriate accessories  for  patient's  abili- 
ty and  circumstances. 

10.1.3.1.1  Chamber-style  spacer 
with  mouthpiece  or  mask,  depend- 
ing on  the  patient's  ability.'"'' 

10.1.3.1.2  Chamber-style  spacer 
with  inspiratory  circuit  configura- 
tion for  patients  receiving  aerosol- 
ized medications  in  conjunction 
with  mechanical  ventilation.'" 

10.1.3.1.3  Chamber-style  spacer 
configured  for  patients  with  artifi- 
cial airways  and/or  receiving  aero- 
solized medications  in  conjunction 
with  a  manual  resuscitation  bag, 
placed  between  airway  and  bag. 

10.3.1  DPI  with  accompanying  medica- 
tion capsule  and  dispenser. 
10.4.1  LVN  capable  of  producing  aerosol 
pmlicles  with  a  mass  median  aerodynamic 
diameter  (MMAD)  <5  fj  with  face  mask. 
10.5  Personnel 

10.5.1  Health  care  providers  responsible 
for  delivery  of  aerosolized  medications 
should  have  demonstrated  and  document- 
ed knowledge  and  skills  related  to 

10.5.1.1  aerosol  delivery  devices  and 
their  limitations;"" 

10.5.1.2  assembly,  care  and  use  of 
aerosol  delivery  devices:"" 

10.5.1.3  provision  of  comprehensive  pa- 
tient and  lay  caregiver  instruction;"*" '■"- 

10.5.1.4  medications  being  delivered 
including  contraindications,  potential 
side  effects  and  desired  response;"" 

10.5.1.5  recognition  and  response  to 
adverse  reactions  during  medication 
delivery  and  modification  of  treatment 
accordingly;"" 
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10.5.1.6  performance  of  the  necessary 
subjective  and  objective  assessments  in 
order  to  determine  medication  efficacy 
and  the  patient's  ability  to  properly  uti- 
hze  aerosol  dehvery  devices. 

10.5.2  Patient  and/or  family  member  or 

lay  caregiver  should 

10.5.2.1  demonstrate  proper  use  and 
understanding  of  aerosol  delivery  de- 
vice and  delivery  technique:''-'"** 

10.5.2.2  demonstrate  proper  assembly, 
cleaning,  care  of  aerosol  delivery  de- 
vice, and  medication  preparation;''-""* 

10.5.2.3  demonstrate  an  understanding 
of  medication  purpose,  dosage,  indica- 
tions, and  side  effects,  be  able  to  alter 
medication  as  needed,'"'''  and  know 
when  to  report  to  physician  or  sunogate. 

NPAM  11.0  MONITORING 

11.1  Observe  delivery  technique  of  sponta- 
neously breathing  patients  who  are  able  to  self- 
administer  aerosolized  medications. 

11.1.1  A  slow  deep  inhalation  with  an  in- 
spiratory pause/hold  is  performed  during 
SVN  treatments. ""  A  flow  of  6-8  L/min 
and  fill  volume  of  4  niL  (dependent  upon 
the  brand  of  SVN  used)  provide  a  maxi- 
mum volume  of  delivered  drug.^^  The 
sides  of  the  SVN  are  periodically  tapped  in 
order  to  minimize  the  dead  volume  (ie, 
volume  of  solution  not  nebulized)  and 
maximize  the  volume  nebulized."" 

11.1.2  MDI  actuation  occurs  at  end-exha- 
lation followed  by  a  slow  inspiration  and 
breath  hold  for  10  seconds.-''^" '"- 

11.1.3  Patient  is  able  to  produce  a  rapid 
inhalation  in  order  to  fully  activate  and 
discharge  DPI."" 

11.2  Observe  patient  and/or  patient's  family 
member  following  instruction  and  demonstra- 
tion.'"'* 

11.2.1  Proper  understanding  and  return- 
demonstration  of  delivery  device  and  ac- 
companying equipment  is  observed."*^'"** 

11.2.2  Proper  understanding  and  prepara- 
tion of  medication  is  observed.'*'-"^'* 

11.3  Observe  response  to  medication  by  per- 
forming subjective  (eg,  physical  examination) 


and  objective  (eg,  pulmonary  function  mea- 
surements) assessments  and  other  diagnostic 
techniques  that  are  appropriate  for  the  specific 
medication  being  delivered.'''-^'""  '"^ 

11.3.1  Ensure  that  medication  volume  is 
nebulized  over  desired  amount  of  time 
when  using  LVN. 

11.3.2  Continuous  monitoring  of  ECG  is 
recommended  when  delivering  a  bron- 
chodilator  by  LVN. 

11.4  Monitor  ventilator  function  for  inadvertent 
increases  in  tidal  volume  or  airway  pressures, 
changes  in  Fio:.  difficulty  with  patient  trigger- 
ing and  patient-ventilator  synchrony,  or  other 
system  problems.""^' 

11.5  Documentation 

11.5.1  Successful  training  of  patients 
and/or  patient's  family  member  are  docu- 
mented in  the  patient's  medical  record.'^"^'* 

11.5.2  Treatments  administered  in  a  clini- 
cal setting  are  documented  in  the  patient's 
medical  record.  Information  on  medica- 
tion dose,  frequency,  response  and  ad- 
verse reactions  are  included. 

NPAM  12.0  FREQUENCY 

Aerosol  delivery  devices  are  used  according  to  the 
frequency  of  the  prescribed  medication. 

NPAM  13.0  INFECTION  CONTROL 

13.1  Universal  Precautions  and  measures  to 
limit  the  transmission  of  tuberculosis  must  be 
adhered  to  at  all  times. "''■"^ 

13.2  SVN  are  for  single  patient  use. 

13.2.1  Between  treatments  on  the  same 
patient,  disinfect,  rinse  with  sterile  water, 
and  air-dry.'*"  In  the  home  environment, 
cleaning,  rinsing  with  solution  of  vinegar 
and  water,  and  air  drying  may  be  ade- 
quate, although  clear  evidence  to  support 
this  procedure  is  lacking. 

13.2.2  Between  patients,  replace  SVN 
with  those  that  have  undergone  high  level 
disinfection  or  sterilization.*' 

13.3  MDI,  DPI  and  accessories  are  for  single 
patient  use  only.  Clean  or  replace  when  they  ap- 
pear dirty. 

13.4  LVN  are  for  single  patient  use.  LVN 
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should  be  subjected  to  high-level  disinfection 
or  sterilization  between  patients. 

13.5  Aerosol  solutions. 

13.5.1  Use  only  sterile  fluids  and  dispense 
them  aseptically.""' 

13.5.2  Medications  obtained  from  multi- 
dose  vials  are  handled,  dispensed  and 
stored  according  to  manufacturers'  in- 
structions. 

13.6  Patients  with  a  natural  airway  should  be 
instructed  to  rinse  the  mouth  with  water  follow- 
ing each  administration  of  inhaled  steroids. 

Perinatal-Pediatric  Focus  Group: 

Lynne  K  Bower  RRT,  Chairman.  Boston  MA 

Sherry  L  Barnhart  RRT.  Cabot  AR 

Peter  Betit  BS  RRT.  Boston  MA 

Michael  P  Czervinske  RRT.  New  Orleans  LA 

Joanne  Masi-Lynch  BS  RRT.  Salt  Lake  City  UT 

Barbara  G  Wilson  MEd  RRT.  Durham  NC 
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Polysomnography 


This  Guideline  was  developed  jointly  by  the  AARC  Cardiopulmonary  Diagnostics  CPG 
Focus  Group  and  representatives  of  the  Association  of  Polysomnography  Technologists 
(APT).  Both  groups  have  approved  its  content. 


PSG  1.0     PROCEDURE: 

Polysomnography 

PSG  2.0     DESCRIPTION/DEFINITION: 

Polysomnography  refers  to  the  collective  process  of 
monitoring  and  recording  physiologic  data  during 
sleep.  The  specific  variables  monitored  during  cen- 
ter-based polysomnographic  evaluation  of  sleep-re- 
lated respiratory  disturbances  are  listed.'  -  Home- 
based  polysomnography'  and  unattended  monitor- 
ing systems  are  not  addressed  in  this  guideline. 

The  variables  monitored  and  recorded  during 
polysomnography  include  but  are  not  limited 
to:-'-'^ 

2.1  global  neural  electroencephalographic  ac- 
tivity (EEG)  from  electrodes  placed  on  the  pa- 
tient's .scalp; 

2.2  eye  moveinents  (electro-oculograin.  or 
EOG)  from  electrodes  placed  near  the  outer 
canthus  of  each  eye: 

2.3  submental  electromyographic  activity 
(EMG)  from  electrodes  placed  over  the  mentalis. 
sLibmentalis  muscle,  and/or  masseter  regions; 

2.4  rhythm  electrocardiogram  (ECG)  with  two 
or  three  chest  leads; 

2.5  respiratory  effort,  by  chest-wall  and  abdom- 
inal movement  via  strain  gauges,  piezoelectric 
belts,  inductive  plethysmography,  impedance 
or  inductance  pneumography,  endoesophageal 
pressure,  or  by  intercostal  EMG; 

2.6  nasal  and/or  oral  airflow  via  thermistor  or 
pneumotachograph; 

2.7  o.xygcn  saturation  (Spo  )  via  pulse  o.ximetry; 


2.8  body  position  via  mercury  switches  or  by 
direct  observation; 

2.9  limb  movements  (arms  and  legs)  via  EMG;*" 

2.10  recordings  of  or  vibration  (frequency  and/ 
or  volume)  may  be  recorded;' 

2.11  end-tidal  COi,  transcutaneous  CO2,  esoph- 
ageal pH,  penile  tumescence,  and  bipolar  EEG 
are  beyond  the  scope  and  intent  of  this  guideline. 

PSG  3.0     SETTING: 

Center-based  polysomnography  is  performed  with- 
in specialized  hospital  sleep  laboratories,'  appropri- 
ately equipped  hospital  rooms,  or  stand-alone  sleep 
centers,  with  a  qualified  technician  in  constant  at- 
tendance.** 

PSG  4.0     INDICATIONS: 

Polysomnography  may  be  indicated  in  patients"*'- 

4.1  with  COPD  whose  awake  PaO:  is  >  55  torr 
but  whose  illness  is  complicated  by  pulmonary 
hypertension,  right  heart  failure,  polycythemia, 
or  excessive  daytime  sleepiness; 

4.2  with  restrictive  ventilatory  impairment  sec- 
ondary to  chest-wall  and  neuromuscular  distur- 
bances whose  illness  is  complicated  by  chronic 
hypoventilation,  polycythemia,  pulmonary  hy- 
pertension, disturbed  sleep,  morning  head- 
aches, or  daytime  somnolence  and  fatigue; 

4.3  with  disturbances  in  respiratory  control 
whose  awake  Paco:  is  >  45  torr  or  whose  illness 
is  complicated  by  pulmonary  hypertension, 
polycythemia,  disturbed  sleep,  morning 
headaches,  or  daytime  somnolence  and  fatigue; 

4.4  with  nocturnal  cyclic  brady-  or  tachyar- 
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rhythmias.  nocturnal  abnormalities  of  atrioven- 
tricular conduction,  or  ventricular  ectopy  that 
appear  to  increase  in  frequency  during  sleep; 

4.5  with  excessive  daytime  sleepiness  or  in- 
somnia; 

4.6  with  snoring  associated  with  observed  ap- 
neas and/or  excessive  daytime  sleepiness; 

4.7  with  other  symptoms  of  sleep-disordered 
breathing  as  described  in  International  Classi- 
fication of  Sleep  Disorders;'' 

4.8  with  symptoms  of  sleep  disorders  described 
in  the  International  Classification  of  Sleep 
Disorders.'' 

PSG  5.0     CONTRAINDICATIONS: 

There  are  no  absolute  contraindications  to  poly- 
somnography when  indications  are  clearly  estab- 
lished. However,  risk-benefit  ratios  should  be  as- 
sessed if  medically  unstable  inpatients  are  to  be 
transferred  from  the  clinical  setting  to  a  sleep  labo- 
ratory for  overnight  polysomnography. 

PSG  6.0     PRECAUTIONS/COMPLICATIONS: 

6.1  Skin  irritation  may  occur  as  a  result  of  the 
adhesive  used  to  attach  electrodes  to  the  patient. 

6.2  At  the  conclusion  of  the  study,  adhesive  re- 
mover is  used  to  dissolve  adhesive  on  the  pa- 
tient's skin.  Adhesive  removers  (eg,  acetone) 
should  only  be  used  in  well-ventilated  areas. 

6.3  The  integrity  of  polysomnographic  equip- 
ment's electrical  isolation  must  be  certified  by 
engineering  or  biomedical  personnel  qualified 
to  make  such  assessment. 

6.4  The  adhesive  used  to  attach  EEC  elec- 
trodes, (eg,  collodion)  should  not  be  used  to  at- 
tach electrodes  near  the  patient's  eyes  and 
should  always  be  used  in  well-ventilated  areas. 

6.5  Due  to  the  high  flammability  of  collodion 
and  acetone,  they  should  be  used  with  caution, 
especially  in  those  patients  who  require  supple- 
mental oxygen. 

6.6  Collodion  should  be  used  with  caution  in 
those  patients  with  reactive  airways  disease  and 
in  small  infants. 

6.7  Patients  with  parasomnias  or  seizures  may 
be  at  risk  for  injury  related  to  movements  dur- 
ing sleep.  Institution-specific  policies  and 
guidelines  describing  personnel  responsibilities 


and  appropriate  responses  should  be  developed. 

PSG  7.0  DEVICE  LIMITATIONS/VALIDA- 
TION OF  RESULTS: 

Due  to  the  nature  of  the  various  physiologic  vari- 
ables that  are  examined  during  polysomnography,  a 
variety  of  devices  are  attached  to  the  patient,  and 
the  output  of  these  devices  is  interfaced  with  a  stan- 
dard polysomnographic  recorder;  consequently,  the 
potential  exists  for  several  individual  device  limita- 
tions, rather  than  any  one  specific  limitation  to 
polysomnography. 

7.1  Records  of  EEC,  EGG.  and  EMG  activity. 
These  variables  are  monitored  by  gluing  or  tap- 
ing, small  metal-disk  electrodes  to  the  patient.''' 
The  low  impedance  limit  is  1,000  ohms  (IK), 
and,  in  the  routine  diagnostic  polysomnogram 
recorded  at  10-15  mm/s  using  referential  EEC 
channels,  an  impedance  <  10,000  ohms  (10  K) 
is  acceptable  for  all  channels.'"'""'  Slightly  high- 
er impedances  are  acceptable  for  limb  EMG.'^ 
However,  a  maximum  impedance  of  5,  000 
ohms  (5  K)  is  recommended  for  bipolar  EEG 
channels  frequently  used  in  extended  poly- 
somnography montages  when  seizure  activity 
is  suspected."^  Limitations  associated  with 
EEG,  EOG,  and  EMG  monitoring  include: 

7.1.1  displacement  of  the  electrode  from 
the  subject's  skin  causes  a  reduction,  or 
complete  loss,  of  the  signal; 

7.1.2  failure  to  properly  prepare  the  skin 
or  drying  of  the  transduction  gel  inside  of 
the  electrode  obscures  the  signal's  charac- 
teristics; 

7.1.3  artifactual  signals  can  obscure  actu- 
al physiologic  signals; 

7.1.4  environmental  electrical  noise  can 
obscure  actual  physiologic  signals. 

7.2  Record  of  ECG  activity.  Rhythm  ECGs  are 
typically  obtained  by  using  two  of  the  de- 
scribed EEG  electrodes.  Recording  a  modified 
Lead-II  (right  shoulder  and  left  leg)  or  precor- 
dial lead  (MCL)  is  sufficient.  Limitations  as.so- 
ciated  with  rhythm  ECGs  obtained  during 
polysomnography  include: 

7.2.1  The  recording  paper  speed  used  dur- 
ing polysomnography  may  be  slower  than 
that  used  by  cardiac  monitors  and 
recorders.  This  or  improper  filtering  tech- 
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niques  may  obscure  P-wave  or  QRS-com- 

plex  wave  morphology.'^ 

7.2.2  Other  limitations  can  be  the  same  as 

described  in  Section  7. 1 . 
7.3  Record  of  chest-wall  and  abdominal  move- 
ment. A  variety  of  devices  exist  for  measuring 
chest-wall  and  abdominal  movement  including 
mercury  strain  gauges,  piezoelectric  belts,  in- 
ductance, and  impedance  pneumography.' 

7.3.1  Mercury  strain  gauges  are  placed  on 
or  around  the  chest  or  abdomen.  Limita- 
tions of  strain  gauges  include:'"' 

7.3.1.1  The  quality  and  interpretability 
of  the  respiratory  signal  is  affected  ( 1 )  if 
the  gauge  slips  from  its  original  position 
and  (2)  if  the  patient  changes  position. 

7.3.1.2  Calibration  of  strain  gauges  is 
difficult;  consequently,  the  displayed 
data  are  more  qualitative  than  quantita- 
tive. 

7.3.1.3  The  mercury  in  the  Silastic  tub- 
ing can  develop  bubbles  that  can  affect 
signal  integrity. 

7.3.2  Piezoelectric  belts  are  placed  around 
the  chest  and/or  abdomen.  Limitations  of 
piezoelectric  belts  include: 

7.3.2.1  The  quality  and  interpretability 
of  the  respiratory  signal  is  affected  if 
belts  slip  out  of  their  original  position. 

7.3.2.2  Belts  are  generally  not  calibrat- 
ed; consequently,  the  displayed  data 
are  more  qualitative  than  quantitative. 

7.3.3  Inductance  plethysmography  is  ac- 
complished by  placing  elastic  belts 
around  the  abdomen  and  chest  of  the  pa- 
tient. Limitations  of  inductance  plethys- 
mography include:-" 

7.3.3.1  The  slipping  of  a  belt  from  its 
original  position  affects  the  calibration, 
and.  consequently,  the  quality  and  in- 
terpretability of  the  respiratory  signal. 

7.3.3.2  Calibration  of  inductance 
plethysmography  is  difficult  in  morbid- 
ly obese  people,  and,  consequently,  the 
data  are  more  qualitative  than  quantita- 
tive. 

7.3.3.3  The  thin  wires  on  the  surface  of 
inductance  plethysmography  belts  are 
easily  broken  with  a  consequent  loss  of 
the  monitored  signal. 


7.3.4  Impedance  pneumography  uses  2  or 
3  electrodes  attached  to  the  patient  in  a 
configuration  similar  to  that  of  a  3-lead 
ECG.  Limitations  of  impedance  pneu- 
mography include:-' 

7.3.4.1  The  technique  provides  only  a 
qualitative  indication  of  chest-wall 
movement.  There  is  no  direct  relation- 
ship to  the  volume  of  air  within  the 
chest. 

7.3.4.2  Because  impedance  pneumog- 
raphy displays  only  global  chest-wall 
movement,  obstructive  apneic  events 
cannot  be  clearly  differentiated  from 
central  or  mixed  apneic  events  in  the 
absence  of  airflow  measures. 

7.3.4.3  No  standards  exist  for  the  fre- 
quency response,  precision,  and  relia- 
bility of  signal  reproductions  that  rep- 
resent changes  in  thoracic  impedance. 

7.3.4.4  Signal  degradation  can  occur 
with  changes  in  body  position. 

7.3.4.5  Impedance  pneumography  is 
susceptible  to  cardiogenic  artifact. 

7.4  Record  of  intercostal  muscle  activity. 
Intercostal  EMG  is  monitored  by  gluing  or  tap- 
ing small  metal-disk  electrodes  to  the  patient's 
intercostal  spaces.  When  these  electrodes  are 
placed  near  the  insertion  of  the  diaphragm,  they 
can  monitor  EMG  activity  from  both  the  di- 
aphragm and  intercostal  muscles.  Limitations 
of  intercostal  EMG  recording  are  the  same  as 
those  li.sted  in  Section  7.1. 

7.5  Record  of  esophageal  pressure  changes: 

7.5.1  Esophageal  pressures  are  monitored 
via  esophageal  balloons  or  liquid-filled 
catheters,  which  are  attached  to  pressure 
transducers  and  signal  amplifiers. 
Esophageal  balloons  are  inflated  with  air 
or  liquid,  whereas  liquid-filled  catheters 
are  filled  with  water  or  saline.  They  are  in- 
serted into  the  nares,  through  the  na- 
sopharynx, and  into  the  esophagus  to  mon- 
itor changes  in  intrathoracic  pressures  oc- 
cuning  with  inspiration  and  expiration. -- 

7.5.2  An  esophageal  balloon  consists  of  a 
catheter  attached  to  an  air-filled  balloon, 
which  is  inserted  into  the  esophagus. 
Problems  with  esophageal  balloons  in- 
clude: 
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7.5.2.1  inadvertent  tracheal  intubation; 

7.5.2.2  nasal  trauma  or  irritation; 

7.5.2.3  inadequate  tilling  rendering  the 
pressure  measurements  inaccurate; 

7.5.2.4  patient  discomfort  to  a  degree 
sufficient  to  alter  sleep  staging; 

7.5.2.5  patient  movement's  altering  the 
position  of  the  catheter,  and,  thereby 
affecting  the  accuracy  of  the  pressure 
measurements. 

7,5.3  Liquid-filled  catheters  are  similar  to 
esophageal  balloons.  Limitations  include: 

7.5.3.1  air  bubbles  in  the  tubing  can 
alter  the  characteristics  of  the  pressure 
transmission  through  the  tubing  and 
cause  the  pressure  readings  to  be  inac- 
curate; 

7.5.3.2  inadvertent  tracheal  intubation 
can  give  rise  to  irritation  or  aspiration 
of  a  catheter's  contents  into  the  lungs; 

7.5.3.3  patient  movement  can  alter  the 
position  of  the  catheter,  thereby  affect- 
ing the  accuracy  of  the  pressure  mea- 
surements. 

7.6  Record  of  airflow 

7.6.1  Thermistors  and  thermocouples  can 
provide  information  about  the  presence  or 
absence  of  airflow  based  on  temperature 
differences  between  inhaled  and  exhaled 
air.  The  devices  incorporate  small  wiry 
sensors  that  can  be  taped  below  the  pa- 
tient's nostril  and  next  to  the  mouth. 
Limitations  include;-^ 

7.6.1.1  the  devices  cannot  be  calibrated 
and,  therefore,  provide  only  qualitative 
information; 

7.6.1.2  the  collection  of  moisture  on  a 
sensor  can  affect  its  ability  to  detect 
temperature  changes  and  affect  signal 
integrity; 

7.6.1.3  dislodgment  from  the  subject 
results  in  partial  or  complete  loss  of  the 
signal. 

7.6.2  Pneumotachometers/pneumota- 
chographs:  Pneumotachography  is  used 
when  quantitation  of  airflow  and  volume 
are  necessary.  Limitations  of  pneumota- 
chography include;--* 

7.6,2.1  The  patient's  nose  and  mouth 
must  be  securely  covered  (leak  free)  by 


a  face  mask  with  the  pneumotachome- 
ter  attached  to  it; 

7.6.2.2  The  pneumotachometer  and 
face  inask  are  obtrusive  and  cumber- 
some and  may  not  be  tolerated  by  the 
patient  and,  therefore,  may  not  be  suit- 
able for  routine  polysomnography; 

7.6.2.3  Pneumotachography  requires 
calibration  at  different  air  flows,  and 
the  ainplifiers  need  to  be  calibrated  fre- 
quently to  ensure  linearity. 

7.6.3  Recording  of  tracheal  sounds  audi- 
ble via  microphone  is  inexpensive  and  can 
be  used  to  quantitate  snoring. '' 
7.7  Recording  of  oxygen  saturation  (SpO:)- 
Pulse  oximetry  transmits  two  wavelengths  of 
light  through  a  pulsatile  vascular  bed  to  measure 
arterial  oxygen  saturation.  Many  factors  can  af- 
fect device  accuracy  and  these  have  been  well 
described.-"'  -''  With  respect  to  polysom- 
nography, limitations  of  pulse  oximetry  include; 

7.7.1  During  apneic  events,  the  pulse 
oximeter  may  alarm  and  awaken  the  pa- 
tient. Therefore,  during  polysomnogra- 
phy, it  is  important  that  the  audible  low- 
oxygen-saturation  alarm  be  disabled. 
Alarms  should  be  disabled  only  if  a  quali- 
fied technician  is  in  constant  attendance, 
monitoring  the  physiologic  signals,  and 
able  to  intervene  if  clinically  indicated. 

7.7.2  Not  all  pulse  oximeters  have  an  ana- 
log output  that  can  be  interfaced  with  the 
polygraph  recorder. 

7.7.3  Pulse  oximetry  does  not  reflect  total 
gas  exchange  (cannot  detect  changes  in 

PaCO:). 

7.7.4  The  polygraph  amplifier  requires 
calibration  to  ensure  that  the  oximeter 
recording  is  linear  and  displayed  within 
institutional  requirements  (ie.  each  drop 
in  S|,(j:  causes  a  1-mm  pen  deflection). 

7.7.5  Lengthy  signal  averaging  in  some 
older  pulse  oximeters  may  produce  im- 
precise values  during  acute  events  such  as 
apnea.-'* 

PSG  8.0     ASSESSMENT  OF  NEED: 

In  those  patients  who  are  suspected  of  sleep-related 
respiratory  disturbances,  periodic-limb-movement 
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disorder,  or  other  sleep  disorders  described  within 
The  International  Classification  of  Sleep  Disorders, 
Diagnostic  and  Coding  Manual,^  polysomnography 
is  used  to  assess  and  quantify  the  presence  and 
severity  of  such  disturbances  and  their  effect  on 
oxygenation,  cardiac  status,  and  sleep  continuity. 

PSG  9.0     ASSESSMENT  OF  TEST  QUALITY: 

9.1  With  respect  to  sleep-related  respiratory 
disturbances,  polysomnography  should  either 
confirm  or  eliminate  a  diagnosis. 

9.2  Documentation  of  findings,  suggested  ther- 
apeutic intervention,  and/or  other  clinical  deci- 
sions resulting  from  polysomnography  should 
be  noted  in  the  patient's  chart. 

9.3  Each  laboratory  should  devise  and  imple- 
ment indicators  of  quality  assurance  with  re- 
spect to  equipment  calibration  and  mainte- 
nance, patient  preparation  and  monitoring, 
scoring  methodology,  and  intertechnician  scor- 
ing variances. 

PSG  10.0  RESOURCES: 

10.1  Equipment: 

10.1.1  A  polygraph  recorder  capable  of 
recording  a  minimum  of  10  channels  of 
high-frequency  physiologic  data.  The  data 
should  be  recorded  on  strip-chart  paper,  in 
ink  (or  by  inkless  pens  writing  on  heat- 
sensitive  paper)  at  a  paper  speeds  from 
10-30  mm/s.  The  polygraph  may  also  be 
interfaced  with  an  analog  or  digital  stor- 
age device  (cassette  tape,  optical  disk) 
that  has  the  ability  to  store  and  to  print  all 
raw  data  collected  during  the  .study.'"  The 
polygraph  should  be  equipped  with  both 
alternating  (AC)  and  direct-current  (DC) 
bioamplifiers,  with  user-selectable  electri- 
cal filters  and  sensitivities. 

10.1.2  To  record  EEC  and  EGG,  the 
polysomnographic  recorder  should  have 
the  .sensitivity  to  give  a  pen  deflection  of 
5.0-10.0  mm  for  a  50  ^V  signal.  A  cali- 
bration signal  of  50  ;UV/cm  is  most  com- 
mon. It  is  essential  that  the  recorder  be 
calibrated  prior  lo  the  study  because 
changes  in  signal  amplitude  are  one  crite- 
rion for  .scoring  the  study.'  * 


10.1.3  When  recording  EMGs,  a  pen  de- 
flection of  2  /iV/mm  is  common;  howev- 
er, the  absolute  magnitude  of  the  ampli- 
tude is  irrelevant.  Rather,  the  emphasis  is 
placed  upon  relative  changes  in  the  EMG 
amplitude. '^ 

10.1.4  EEG  and  EOG  signals  are  ampli- 
fied with  an  AC  amplifier.  The  high-fre- 
quency-filter setting  should  be  >  30-35  Hz 
with  a  low-frequency-filter  setting  of  < 
0.3  Hz.'' 

10.1.5  The  EMG  signal  is  also  amplified 
with  an  AC  amplifier.  A  high-frequency- 
filter  setting  of  70-120  Hz  and  a  low-fre- 
quency-filter setting  >  5  Hz  are  suggested.'-' 

10.1.6  To  record  the  rhythm  ECGs,  two 
additional  EEG  electrodes  are  configured 
for  Leads  I,  II,  III.  or  MCL.  No  particular 
emphasis  need  be  placed  on  signal  ampli- 
tude provided  the  signal  is  large  enough  to 
be  discernible. 

10.1.7  Output  from  respiratory  effort  and 
airflow-sensing  devices  and  oxygen-satu- 
ration data  are  directed  to  the  recorder  and 
displayed  with  the  other  data. 

10.1.8  Body  position  may  be  determined 
with  mercury  switches,  with  output  signal 
directed  to  the  recorder  and  displayed 
with  the  other  data.  If  body  position  is 
monitored  by  direct  observation,  the  pa- 
tient's position  should  be  noted  at  the  be- 
ginning of  the  recording  and  whenever 
changes  in  position  occur. 

10.2  Personnel  qualifications: 
Level-I  personnel  are  designated  as  those  with 
at  least  a  high  school  education  but  without  for- 
mal credentialing  in  polysomnographic  tech- 
nology and  with  no  professional  credentialing 
or  licensing.  Level-I  personnel  can  be  de- 
scribed as  tho.se  who  meet  minimal  job  require- 
ments and  have  received  on-the-job  polysom- 
nographic training.  Both  Level-I  and  Level-11 
personnel  should  work  under  the  direction  of  a 
physician  specifically  trained  in  the  diagnosis 
and  treatment  of  sleep  disorders.  Any  personnel 
responsible  for  observing  the  patient  should 
hold  a  current  course-completion  care  in  car- 
diopulmonary resu.scitation  (CPR)  at,  at  least, 
the  basic  life  support  (BCLS)  level  and  be  com- 
petent to  perform  cardiac  defibrillation." 
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10.2.1  Level-I  personnel: 

10.2.1.1  may  perform  polysomnogra- 
phy; 

10.2.1.2  need  to  be  proficient  in  patient 
preparation,  sensor  application,  and  op- 
eration of  the  polysomnograph;- 

10.2.1.3  should  be  familiar  with  oper- 
ating principles  and  basic  troubleshoot- 
ing of  the  equipment  listed  in  Section 
7.0. 

10.2.1.4  have  an  appreciation  for  the 
scoring  and  interpretation  of  poly- 
somnograms  and  their  use  in  the  diagno- 
sis of  patients  with  sleep  disorders; 

10.2.1.5  have  effective  patient  assess- 
ment and  communication  skills  relative 
to  recognizing  and  reporting  adverse 
patient  conditions  (ie,  a  decline  in  the 
patient's  clinical  condition). 

10.2.2  Level-II  personnel 

10.2.2.1  should  have  the  knowledge 
and  demonstrated  ability  to  perform 
Level-I  responsibilities,  and 

10.2.2.2  should  be  either  credentialed 
or  licensed  as  a  Registered  Polysomno- 
graphic  Technician  (RPSGT).  a  Regis- 
tered Electroencephalographic  Tech- 
nologist (REEGT),  Respiratory  Care 
Practitioners  (CRTT  or  RRT),  or  a 
Regi-stered  Nurse  (RN); 

10.2.2.3  must  demonstrate  the  ability 
to  score  polysomnographic  recordings 
and  have  an  understanding  of  interpre- 
tative methods. 

10.2.2.4  should  have  documented  abili- 
ty to  recognize  the  patterns  of  poly- 
somnographic variables  as  they  are 
monitored  and  recorded  enabling  the 
practitioner  to  differentiate  among 
technical  difficulties  and  occult  patho- 
physiology during  polysomnography; 

10.2.2.5  should  display  a  proficiency  in 
interpreting  respiratory  variables  af- 
fected by  initiation  of  continuous  posi- 
tive or  bi-level  positive  airway  pressure 
or  nocturnal  ventilatory  support  and 
should  demonstrate  knowledge  of  nor- 
mative ranges  for  such  variables  as 
those  measured  during  the  monitoring 
of  arterial  blood  gas,  end-tidal  CO2, 


oxygen  saturation,  respiratory  move- 
ment, and  airflow;'- 

10.2.2.6  should  be  able  to  initiate  and 
titrate  supportive  therapy  for  sleep-re- 
lated respiratory  disorders;'- 

10.2.2.7  should  be  able  to  assess  the 
patient's  response  to  therapy; 

10.2.2.8  should  be  able  to  recommend 
modifications  to  prescribed  therapy,  as 
appropriate; 

10.2.2.9  should  be  familiar  with  oper- 
ating principles,  interface  techniques, 
data  acquisition,  scoring,  and  reporting 
for  other  than  cardiopulmonary-based 
studies,  such  as  penile  tumescence  and 
seizure  disorders. 

PSGll.O  MONITORING: 

11.1  During  polysomnography,  the  patient  vari- 
ables to  be  monitored  are  those  listed  in  Section 
2.2.  Intervention  is  required  if  the  physiologic 
signals  are  lost  due  to  problems  with  instru- 
mentation or  become  obscured  by  artifact. 

11.2  Infrared  or  low-light  videocaineras  and 
recording  equipment  should  permit  visualiza- 
tion of  the  patient,  by  the  technician,  through- 
out the  procedure.'" 

11.3  Patients  undergoing  polysomnography 
are  being  evaluated  for  the  presence  of  a 
chronic  disea.se;  therefore,  their  clinical  status 
is  unlikely  to  deteriorate  acutely.  However,  the 
center-based  polysomnographic  studies  de- 
scribed in  this  guideline  require  the  presence 
of  a  technician  throughout  the  study. 
Therefore,  the  technician  should  intervene  if 
an  acute  change  in  physiologic  status  occurs 
and  communicate  these  changes  to  appropriate 
medical  personnel. 

PSG  12.0  FREQUENCY: 

12.1  A  second  polysomnographic  study  may  be 
indicated 

12.1.1  if  the  first  study  is  technically  inad- 
equate due  to  equipment  failure; 

12.1.2  if  the  subject  could  not  sleep  or 
slept  for  an  insufficient  amount  of  time  to 
allow  a  clinical  diagnosis; 

12.1.3  if  initiation  of  therapy  or  confirma- 
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tion  of  the  efficacy  of  prescribed  therapy 
is  needed. 

PSG  13.0  INFFXTION  CONTROL: 

Practitioners  should  exercise  Universal  Precautions 
and  precautions  for  prevention  of  the  spread  of  tu- 
berculosis as  appropriate. '''■* 

13.1  Nondisposable  patient  use  items  (eg. 
pneumotachometers,  face  masks,  electrodes) 
should  undergo  cleaning  and  sterilization  pro- 
cedures as  recommended  by  the  manufacturer. 
If  sterilization  is  not  feasible,  then  high-level 
disinfection  is  warranted. 

13.2  The  syringe  and  t1at-tipped  needle  used  to 
inject  transduction  gel  into  the  EEG,  EOG,  and 
EMG  electrodes  should  be  discarded  after  use. 

13.3  With  respect  to  body-position  sensors,  in- 
ductance and  impedance  pneumography,  ab- 
dominal or  thoracic  strain  gauges,  or  piezoelec- 
tric belts,  no  special  precautions  are  generally 
required.  Gas  sterilization  may  be  used  if  the 
sensors  or  belts  become  contaminated  with 
body  tluids. 

13.4  Some  thermistors  are  equipped  with  dis- 
posable sensors.  If  nondisposable  sensors  are 
used,  they  should  be  cleaned  and  subjected  to 
high-level  disinfection  after  use. 
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,Assi$ted  Mechanical  Ventilation  at  Home: 
A  Practical  Cuide,  b\  WJM  Kinrieiu-,  Hiird- 
co\er.  illustrated,  100  pages.  O.xford;  Ox- 
ford University  Press,  1994,  $33, 

In  the  preface.  Kinnear  presents  this  book 
as  a  "...practical  guide..."'  and  as  a  gener- 
al o\er\'iew  of  home  mechanical  ventilation 
specifically  for  practitioners  who  use  in-home 
mechanical  ventilation  and  for  those  with- 
out previous  experience  with  this  technol- 
ogy. The  author  also  states  the  book  may  be 
of  interest  to  patients  who  depend  on  me- 
chanical ventilation.  An  array  of  informa- 
tion— from  the  hospital-discharge-planning 
process  to  the  types  of  ventilation  used  in  the 
home —  is  included  in  this  book. 

The  selection  of  patients  for  home  me- 
chanical ventilation  is  reviewed  in  the  first 
chapter.  The  author  incorporates  several  use- 
ful graphs  and  tables  and  lists  risk  factors 
for  the  development  of  respiratory  failure 
in  different  patient  populations.  In  addition, 
a  comparison  of  indications  and  contra- 
indications for  each  type  of  home  ventila- 
tion is  covered.  Indications  for  mechanical 
ventilation  in  chronic  respiratory  failure,  noc- 
turnal hypoventilation,  and  prophylaxis  of 
respiratory  failure  are  also  reviewed. 

TTie  author  devotes  the  next  four  chapters 
to  individual  methods  of  home  mechanical 
ventilation  such  as  nasal  intermittent  positive- 
pressure  ventilation,  invasive  ventilation.  ;ind 
extemal  negative-pressure  ventilation.  In  each 
chapter,  the  author  uses  photographs  and  il- 
lustrations of  the  control  panel  of  each  ven- 
tilator to  define  step-by-step  directions. 

The  chapter  on  nasal  ventilation  includes 
a  great  deal  of  information  related  to  initi- 
ating a  patient  on  mask  \entilalion,  and  it 
also  contains  information  about  the  various 
brands  of  masks  that  are  commercially  avail- 
able and  their  suppliers.  The  BiPap  venti- 
lator received  only  a  small  section  at  the  end 
of  the  chapter.  For  home  use.  this  particu- 
lar type  of  ventilation  has  increased  in  pop- 
ularity in  the  United  States,  The  subject  of 
humidity  during  nasal  ventilation  is  not  ad- 
dressed in  this  chapter.  Nasal  dryness,  ir- 
ritation, and  bleeding  may  occur  with  nasal 
ventilation,  (At  Tlie  Children's  Medical  Cen- 
ter, we  have  found  that  the  simple  addition 
of  the  pass-over  humidifier  produced  by 
Resplronics  |Murrys\ille  PA|  reduces  the 


incidence  of  this  complication,  especially 
in  end-stage  Cystic  Fibrosis  patients,) 

The  chapter,  'intennittent  Posili\'e-Pres- 
sure  Ventilation  through  a  Tracheostomy," 
omitted  two  products  that  are  used  by  ven- 
tilator-dependent individuals  in  the  United 
States.  In  the  section  under  speech,  the  au- 
thor did  not  mention  the  use  of  speaking 
valves.  The  Passy-Muir  Inc  compiuiy  (Ir\ine 
CA)  produces  a  one-way  valve  that  is  eas- 
ily attached  to  the  tracheostomy  tube  to  fa- 
cilitate speech.  A  valve  specifically  designed 
for  use  with  a  positive-pressure  ventilator 
is  also  available  from  the  company. 

Another  company  that  was  omitted  from 
this  chapter  is  Aequitron  Medical  (Min- 
neapolis MN).  They  produce  a  popular  line 
of  portable  home  mechanical  ventilators  that 
are  user  friendly,  easy  to  operate,  and  com- 
parable in  size  to  other  home  ventilators. 

This  section  could  have  been  expanded 
with  information  on  the  variety  of  com- 
mercially available  tracheostomy  tubes.  A 
discussion  on  cuffed,  uncuffed,  and  fenes- 
trated tracheostomy  tubes,  their  complica- 
tions, advantages,  and  disadvantages  would 
be  valuable  to  practitioners. 

As  a  pediatric  respiratory  discharge  plan- 
ner, I  was  disappointed  with  the  chapter  on 
pediatric  home  ventilation.  The  author  did 
not  mention  the  use  of  secondary  alanns  for 
pediatric  patients  dependent  on  mechanical 
ventilation.  Low-pressure  alarms  on  the  ven- 
tilator may  not  always  alert  the  caregiver  to 
life-threatening  situations,  such  as  accidental 
decannulation.  The  ventilator  low-pressure 
limit  may  be  exceeded  due  to  resistance  in 
the  tubing,  a  situation  that  would  not  result 
in  an  alarm.  Any  patient,  regardless  of  age. 
who  is  at  risk  for  sudden  death  in  the  event 
of  accidental  ventilator  disconnection,  should 
have  a  secondary  alarm  such  as  an  oxime- 
ter or  an  apnea  monitor. 

Another  consideration  for  pediatric  pa- 
tients is  the  circuit  itself  The  weight  of  per- 
manent circuitry  is  sometimes  a  problem. 
Adjustments  must  also  be  made  to  decrease 
the  amount  of  dead  space  in  the  ventilator 
circuits.  Compressed  volume  in  the  circuit 
itself  should  also  be  considered  when  using 
volume  ventilation  with  pediatric  patients. 
These  important  considcralions  are  not  ex- 
plored in  either  chapter. 

The  chapter  on  external  negative-pres- 


sure was  detailed  and  thorough,  with  good 
illustrations.  All  types  of  negative-pressure 
ventilators  are  covered  as  well  as  jackets, 
cuirasses,  and  cabinet  respirators.  The  au- 
thor provides  detailed  instructions,  coin- 
plete  with  photographs,  to  outline  the  pro- 
cess of  making  a  jacket  respirator.  Chapter 
5  covers  other  modes  of  ventilator  assis- 
tance including  phrenic  nerve  pacing,  rock- 
ing beds,  pneumobelts  and  high-frequen- 
cy chest-wall  oscillation. 

The  chapter  on  discharge  planning  cov- 
ers several  concerns  of  the  family,  patient, 
and  discharge  planner,  including  education 
and  equipment  required  for  the  care  of  a  ven- 
tilator-dependent individual.  The  author  uses 
the  University  Hospital  in  Nottingham,  Eng- 
land as  an  example.  At  this  facility,  hospi- 
tal staff  maintain  an  intense  level  of  in- 
volvement with  patients  while  they  are  at 
home.  Home  visits  by  hospital  staff  mem- 
bers assist  families  and  allow  medical  re- 
assessment of  the  patient  when  necessary. 
The  staff  at  the  hospital  have  appropriate  in- 
formation to  arrange  for  re-admission  to  the 
hospital  at  the  patient's  request.  One-week 
respite  admissions  are  encouraged  e\'en'  three 
months  to  enhance  the  f;unily's  ability  to  care 
for  the  ventilator-dependent  patient.  Venti- 
lator maintenance  is  coinpleted  either  through 
a  service  contract  or  by  hospital  staff  dur- 
ing routine  admissions. 

At  our  hospital,  we  use  a  team  approach, 
because  each  discipline  provides  a  differ- 
ent expertise.  Training  takes  place  well  in 
advance  of  the  actual  discharge,  and  the  at- 
honie  caregivers  are  asked  to  spend  time 
at  the  bedside  assuming  the  care  of  the  ven- 
tilator-dependent individual.  One  impor- 
tant aspect  of  a  ventilator  discharge  is  the 
identification  of  a  qualified  home-care 
equipment  provider,  who  assumes  re- 
sponsibility for  the  equipment  once  the  pa- 
tient is  discharged.  The  ctinipanies  we  m;ike 
referrals  to  have  licen.sed  respiratory  ther- 
apists on  call  24  hours/day  in  case  of  equip- 
ment malfunction.  Parents  and  other  care- 
givers are  thoroughly  trained  in  emergency 
care  and  CPR.  In  addition,  most  of  our  ven- 
tilator-dependent patients  have  professional 
nursing  assistance  in  the  home,  in  lieu  of 
respite  admissions  as  allowed  in  Fngland, 

I  especially  enjoyeil  the  final  chapter,  v\  lit- 
icn  by  a  palicnl  who  is  ventilalordependeiil. 
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To  me,  working  with  families  and  patients 
is  a  pleasure,  and  I  am  constantly  inspired 
by  their  courage,  determination,  and  zest  for 
life.  1  appreciate  the  author's  comments  on 
the  fullness  of  life — the  ability  to  travel  and 
the  desire  to  remain  as  active  as  possible. 
Overall,  Assisted  Mechanical  Venti- 
lation at  Home  is  an  easy-to-read  concise 


reference.  Although  I  noted  some  deficits 
for  pediattic  practices,  and  some  differences 
due  to  medical  practices  for  discharge  plan- 
ning in  England  and  the  United  States,  it  is 
overall  a  good  reference  guide.  The  book 
would  be  particularly  useful  for  the  prac- 
titioner for  facilitating  his  or  her  first  dis- 
charge of  a  ventilator-dependent  patient.  It 


is  also  an  excellent  reference  for  negative- 
pressure  ventilation,  especially  for  the  prac- 
titioner who  does  not  have  experience  with 
this  mode  of  ventilation. 

Teri  Nikolai  Wilson  RRT  RPFT 

The  Children's  Medical  Center 
Dayton.  Ohio 
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Classic  Reprints 


Retrospectroscope 
The  Inside  Story 


Come.  come,  and  sit  you  down. 

You  shall  not  budge. 

You  go  not  till  I  set  you  up  a  glass 

Where  you  may  see  the  inmost  part  of  you. 

Shakespeare 
Haiiilc'i  III.  iv 


"No  discovery  of  our  time — or  any  other  time —  has  been 
followed  by  so  immediate  and  universal  an  outbreak  of  sci- 
entific activity"  (from  Silvanus  Thompson's  first  presiden- 
tial address  before  the  Roentgen  Society,  November  5,  1897). 
What  was  this  discovery  that  sped  throughout  the  world  with 
the  speed  of  wireless  and  profoundly  influenced  the  course 
of  many  sciences,  especially  Medicine? 

On  November  8,  1895,  Wilhelm  Conrad  Roentgen,  Pro- 
fessor of  Physics  at  the  University  of  Wiiizburg,  passed  the 
discharge  from  a  large  induction  coil  through  an  evacuated 
Crookes  tube.  The  apparatus  was  in  a  completely  darkened 
room  and  the  tube  was  covered  with  black  cardboard:  nev- 
ertheless, at  each  discharge  he  observed  that  a  paper  screen 
covered  with  a  lluorescent  material  became  brightly  illumi- 
nated. He  soon  found  that  not  only  black  cardboard  but  all 
substances  permitted  the  passage  of  "X-rays"  (as  he  named 
them)  but — and  this  is  all-important — to  differing  degrees: 
a  bound  book  of  about  1  ,fX)0  pages  offered  no  hindrance,  glass 
containing  lead  offered  some,  and  lead  itself,  if  at  least  1.5 
mm  thick,  almost  blocked  them.  Most  remarkable  was  his  ob- 
servation that  "if  the  hand  be  held  before  the  lluorescent  screen, 
the  shadow  shows  the  bones  darkly  with  only  faint  outlines 
of  the  surrounding  tissues."  ( I ) 

Over  the  next  few  weeks  he  satisfied  himself  that  he  was 
not  dealing  with  cathode  or  any  other  known  type  of  rays  and, 
by  substituting  a  glass  photographic  plate  for  the  fluorescent 
screen,  he  took  the  first  roentgenogram — that  of  his  wife's 
hand.  He  then  wrote  a  communication  to  the  Wiir/burg  Phys- 
ical Medical  Society  that  the  presitlent  immetliately  published 
in  the  December  28  Proceedings,  more  than  three  weeks  be- 
fore Roentgen  presented  his  paper  orally  (.lanuaiy  2,^,  1896). 


The  response  was  dramatic.  Roentgen,  as  was  customary 
then  (and  now),  had  mailed  to  some  of  his  physicist  colleagues 
reprints  of  his  paper  and,  with  each,  some  photographic  prints 
(his  published  paper  contained  no  illustration — not  even  of 
his  wife's  hand,  though  the  latter  appeared  miraculously  in 
the  English  translation  of  his  paper  in  Science.  February  14, 
1 896).  One  colleague  showed  the  paper  and  prints  to  a  physi- 
cian whose  father,  publisher  of  the  Vienna  Freie  Presse.  print- 
ed an  article  on  Roentgen's  discovery  on  January  5.* 

On  January  23,  1 896,  Roentgen  gave  his  oral  presentation 
to  the  Wiirzburg  Society — the  same  day  that  an  English  trans- 
lation of  the  December  28  report  was  printed  in  Nature.  Al- 
bert Rudolph  Kolliker,  famous  for  his  1 856  work  on  the  electro- 
cardiogram, presided,  and  in  the  discussion  that  followed  the 
paper,  it  was  he  who  proposed,  with  enthusiastic  acclaim  from 
the  large  audience,  that  x-rays  thenceforth  be  called  Roent- 
gen rays  (2). 

Probably  not  even  penicillin  was  used  as  rapidly  and  as 
widely  as  the  new  Roentgen  rays.  The  supply  of  commercially 
available  Crookes  tubes  quickly  ran  out,  but  almost  anyone 
who  knew  a  little  about  physics  could  easily  assemble  the 
equipment  at  little  expense  and  go  to  work.  Within  the  first 
year,  more  than  1 ,000  scientific  papers  and  50  books  were 
published  dealing  entirely  with  Roentgen  rays!  A  new  jour- 
nal. Archives  of  Clinical  .Skiai>rapliy'  ("shadow  writing")  ap- 
peared in  the  spring  of  1896,  edited  by  Sydney  Rowland,  still 
a  medical  student  (,^).  And  a  new  Rcx-ntgen  Scxriety  was  foimed 
in  June  1897(4). 

The  wide  range  of  the  uses  of  the  new  rays  was  am;izing  (5). 
Surgeons  of  course  used  them  to  examine  broken  bones,  to 


Reprinted  with  permission  of  Ihc  Amoricnn  I, imp  Associali()n.  Worn  Am 
Rev  RcspirDis  1976;!  l.1:.1Xi-.1S.S 


*  In  this  modern  age  of  speed,  lei  us  note  humhly  llial  in  IS').s-Wi.  llic 
total  lime  hetween  submission  of  Roentgen's  paper  and  lis  uovld-ulde 
aeclalm  by  the  press  look  no  longer  than  1 .1  to  20  days  (among  these  were 
ihe  Christmas  and  New  Year's  holidays);  this  time  Includes  that  for  re- 
view and  acceptance  by  the  editor,  selling  In  type  a  iO-page  article,  prool- 
leadlng  and  printing  ll,  supplying  reprlnls  to  Ihe  author,  mailing  reprints, 
delivery  by  a  Postal  Service  and  notice  by  Ihc  press! 

'  The  Aivhl\es  dropped  Ihc  word  {'hnlcal  Irom  ilslille  in  IS'JV.  locnipha* 
sl/e  its  broad  Held  ol  inlcrcsi.  and  one  numher  later  il  dropped 
Skiagraph)  and  hecanic  ihc  .\riliivc\  ol  llir  Hiii'i:if;cii  Kay. 
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study  abnormal  bony  structures  (figure  1 )  and  to  locate  for- 
eign objects.  Others  used  them  to  detect,  locate  and  charac- 
terize a  wide  vaiiety  of  pulmonary  disorders.  Anatomists  had 
a  new  tool  to  examine  the  human  skeleton  without  even  un- 
dressing the  subject.  Figure  2  shows  the  first  radiograph  of 
the  entire  skeleton  taken  with  one  exposure  (produced  by  W. 
J.  Morton,  son  of  the  Morton  who  first  used  ether  for  surgi- 
cal anesthesia).  The  lady  has  removed  only  her  corset;  her  hat 
pin,  necklace,  bracelet,  rings,  and  highbutton  shoes  with  nailed- 
on  heels  remain. 

Within  a  few  months,  others  put  Roentgen  rays  to  many 
uses  that  we  often  regard  as  more  modem  developments:  stud- 
ies of  the  motion  and  size  of  the  human  heart  (6)  reported  first 
at  the  April  1 896  meeting  of  the  Association  of  American 
Physicians;  angiographic  examination  of  an  amputated  hand 
made  after  injection  into  its  vessels  of  a  medium  opaque  to 
x-rays  (7);  cineradiography  of  a  leg  in  motion  (8);  examination 
of  a  patient's  esophagus  while  he  swallowed  nitrate  of  bis- 
muth (9);  and  locating  an  aortic  aneurysm  ( 1 0).  Walter  Can- 
non plunged  into  research  on  Roentgen  rays  while  still  a  first- 
year  medical  sUident  at  Harviird  and  presented  his  classic  work 
on  the  effect  of  emotions  on  gastric  motility  at  the  May  1 897 
meeting  of  the  American  Physiological  Society  (11). 

Botanists  and  zoologists  also  got  into  the  act.  Volume  1 
of  the  Archives  of  Clinical  Skiagraphy  contains  roentgenogi-ams 
of  Homaais  vulgaris  (lobster)  and  Cancer  pagunis  (edible  crab). 
The  1897  Archives  of  the  Roentgen  Ray  contained  its  first  sup- 
plement and  it  was  completely  devoted  to  Marine  Zoology, 
with  36  illustrations  of  the  British  Echinodermata  (figure  3). 
The  effect  of  x-rays  on  ascaris  eggs  was  also  studied  by  1 897. 
One  reviewer  could  adequately  describe  the  diversity  of  ex- 
perimental material  only  by  quofing  Macbeth: 


One  even  noted  that  the  light  of  glowworms  (like  Roentgen's 
rays)  passed  through  aluminum  and  cast  shadows  (4). 

Equally  fascinating  was  the  eaily  application  of  the  Roent- 
gen ray  to  many  nonbiological  problems.  Hedley.  in  his  1897 
review  (5).  noted: 

It  now  also  bids  fair  to  prove  useful  in  other  "arts  and 
crafts.""  It  has  been  used,  or  its  use  suggested,  in  dis- 
tinguishing real  gems  from  artificial  ones;  to  discov- 
er the  fraudulent  introduction  of  mineral  substances 
into  textile  fabrics  to  increase  their  weight;  to  discover 
the  contents  of  packages  in  the  parcel  post;  to  recog- 
nize explosives  and  contraband  in  baggage;  to  age  and 
oxidize  alcohol;  to  test  insulation  in  the  construction 
of  cables;  to  ascertain  cohesion  in  welding. 

(I  confess  that  I  thought  that  filling  suitcases  with  bombs  and 
finding  them  with  x-rays  were  unique  to  our  present  stage  of 
civilization!)  Another  early  use  was  in  metallography:  Hey- 
cock  in  1897  (4)  "placed  thin  slices  of  alloys  under  the  rays  and 
revealed  their  structure  in  a  marvellous  way";  was  this  the  be- 
ginning of  x-ray  diffraction  to  study  the  structure  of  matter? 

Harmful  Effects  of  Roentgen  Rays 

For  a  while,  most  physicists  and  physicians  thought  that 
x-rays  passed  through  tissues  without  damaging  them;  some 
individuals  even  used  exposure  to  Roentgen  rays  to  promote 
good  health,  and  the  feature  of  every  charity  bazaar  was  the 
x-ray  booth  where  anyone  could  see  the  bones  of  his  hands 
for  sixpence  (the  forerunner  of  free  x-ray  examination  of  feet 
by  shoe  store  clerks! ).  Elihu  Thomson  decided  to  find  out  for 
himself  whether  the  passage  of  x-rays  harmed  tissues  (12): 


Eye  of  newt,  and  toe  of  frog. 
Wool  of  bat.  and  tongue  of  dog. 
Adder"s  fork,  and  blind  worm"s  sting. 
Lizard"s  leg,  and  howlet"s  wing  ... 


I  was  interested  sometime  ago  in  regard  to  the  effect 
of  Rontgen  rays  on  tissues.  I  had  read  a  few  times  that 
certain  people  had  been  burned  by  Rontgen  rays.  I  did 
not  believe  it.  These  rays  went  through  tissue  so  eas- 


Fig.  1.  A  young  lady,  with  six  toes  on  each 
foot,  suffered  from  the  extra  breadth  of  her 
feet.  The  surgeon  removed  the  supernu- 
merary toes  "with  much  greater  precision 
than  if  he  had  not  had  it  [the  skiagram]  to 
guide  him."  Plate  XV  from  Arch  Clin  Skia- 
graphy. 1896.  1. 
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ily  that  their  action  could  not  amount  to  anything,  but 
it  was  certainly  worthwhile  investigating  so  as  to  know 
...  1  put  my  finger  up  to  the  clear  glass  window  and 
kept  the  other  fingers  pretty  well  shielded  by  the  blue 
glass  of  other  parts  of  the  tube.  I  exposed  the  finger 
for  half  an  hour  to  the  rays,  a  Holt/,  machine  being  the 
source  of  electricity.  I  put  the  finger  up  pretty  close  to 
the  tube,  and  after  half  an  hour  I  thought  perhaps  it  was 
not  long  enough,  perhaps  it  was  not  half  long  enough. 
But  if  there  were  to  be  any  effect  it  would  be  equiva- 
lent to  a  few  hours  distance,  and  as  I  got  tired  I  went 
no  farther.  I  shut  down  the  tube  and  went  away.  Five, 
six,  seven,  eight  days  passed  and  nothing  happened, 
and  I  felt  that  people  had  been  mistaken  about  the  ef- 
fect of  the  rays.  But  on  the  ninth  day  the  finger  began 
to  redden;  on  the  twelfth  day  there  was  a  blister,  and 
a  very  sore  blister.  On  the  thirteenth  and  fourteenth  day 
after  exposure,  the  blister  had  included  all  the  skin  down 
to  the  part  not  exposed  and  had  gone  around  the  fin- 
ger almost  to  the  other  side.  The  whole  of  the  epidermis 
came  away  and  left  an  ulcer  without  any  possibility 
of  recovering  its  own  epidermis  except  from  the  edges, 
and  I  had  to  go  through  that  painful  process  of  hav- 
ing a  raw  sore  there  and  the  epidemiis  growing  in  from 
the  side  and  gradually  closing  up.  Only  three  days  ago 
was  the  sore  actually  closed,  and  the  skin  is  yet  very 
tender,  and  nature  does  not  appear  to  have  found  out 
how  to  make  a  good  skin  over  that  finger.  Tlie  skin  still 
comes  off  in  fiakes  and  is  very  disagreeable  and  very 
tender,  and  there  is  a  burning,  smarting,  sensation  every 


Fig.  2.  First  x-ray  picture  of  the  entire  adult  body  at  one  exposure. 
The  tube  was  54  inches  from  the  photographic  plate.  "Time,  includ- 
ing stoppages,  thirty  minutes."  Plate  XXX  b  from  Arch  Roentgen 
Ray,  1897  (July),  2. 


Fig,  3.  X-ray  photography  of  Ophiurus  Ciliaris.  From  the  first 
Supplement  to  Archives  of  the  Roentgen  Ray.  1 897.  It  dealt  entire- 
ly with  radiography  of  marine  biology,  specifically  with  the  British 
Echinodermata. 
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now  and  then.  But  I  am  satisfied  it  is  coming  out  all 
right  . . .  This  has  taken  six  and  a  half  weeks  today. 

That  was  written  in  1 896.  It  convinced  Gmbbe  to  devise 
lead  shielding  that  same  year  and  Price  to  make  lead-lined 
gloves  in  1898.  But  it  didn't  reach  or  convince  everyone. 
Thomas  Edison  was  intrigued  first  with  "photographing"  the 
brain.  When  that  yielded  nothing  of  interest,  he  became  fas- 
cinated with  the  idea  of  fluorescent  light  bulbs.  According  to 
Griggs  (2,  p.  783),  Edison  began  to  use  modified  Crookes  mbes 
as  light  bulbs,  calling  them  "fluorescent  lamps."  The  results 
were  disastrous:  "...  I  [said  Edison]  started  in  to  make  a  num- 
ber of  these  lamps,  but  I  soon  found  that  the  x-ray  had  affected 
poisonously  my  assistant,  Mr.  Dally,  so  that  his  hair  came  out 
and  his  flesh  commenced  to  ulcerate.  I  then  concluded  it  would 
not  do,  and  that  it  would  not  be  a  very  popular  kind  of  light, 
so  I  dropped  it  . . . "  ( Understatement  of  the  century ! ) 

Dally  died  in  1904  at  the  age  of  39 — the  first  fatality  from 
x-ray  "poisoning"  in  the  United  States.  In  April  1898.  the  Coun- 
cil of  the  Roentgen  Society  appointed  the  first  committee  to 
collect  information  on  alleged  injurious  effects  of  x-rays.  One 
of  the  five-man  group  reported  in  1899,  in  part  (13): 

We  may,  I  think,  safely  assert  that  the  length  of  exposure 
necessary  to  produce  any  injury  is  at  least  three  or  four 
times  that  required  to  obtain  a  radiograph  with  the  im- 
proved apparatus  now  at  our  disposal,  even  where  the 
most  opaque  parts  of  the  body  are  concerned,  and  then 
only  when  the  patient  is  specially  susceptible  to  the  elec- 
trical forces  which  cause  the  injury. 


It  is  noteworthy  that  the  first  cure  of  cancer  by  x-ray  ther- 
apy was  reported  in  1899,  three  years  before  the  first  report 
of  cancer  caused  by  x-ray  exposure.  If  the  cancer-caM.j^'^  had 
preceded  the  cancer-cured,  would  the  story  of  x-rays  have 
stopped  abruptly  with  the  cancer-caused?  (14) 

Rays  before  Roentgen 

In  the  history  of  Science,  nothing  is  more  true  than  that 
the  discoverer — even  the  greatest  of  discoverers — is 
but  the  descendant  of  his  scientific  forefathers,  is  al- 
ways and  essentially  the  product  of  the  age  in  which 
he  is  bom.  Roentgen  himself  has  frankly  avowed  the 
ancestry  of  his  discoveries.  He  himself  has  stated  that, 
being  aware  of  the  existence  of  unsolved  problems  re- 
specting the  emission  of  cathode  rays  in  and  by  an  elec- 
trically stimulated  vacuum  tube,  he  had  for  a  long  time 
followed  with  the  greatest  interest  the  researches  of 
Hertz  and  of  Lenard.  and  had  determined,  as  soon  as 
he  should  find  the  necessary  leisure,  to  make  some  re- 
searches of  his  own.  Behind  Roentgen  then,  stand 
Lenard  and  Hertz;  behind  Hertz  stand  Crookes,  and 
Varley,  and  Hittort',  and  Sprengel  and  Geissler;  and  so 
back  to  Hauksbee,  and  Boyle,  and  Otto  Guericke,  into 


the  beginnings  of  modern  science  as  it  emerged  from 
the  vain  imaginings  and  occult  mysteries  of  Mediae- 
val night  (15). 

Hedley  (5)  began  his  account  with  the  fascinating  electrical 
demonstrations  that  amused  and  amazed  the  savants  of  the 
French  Court  in  the  1750s  and  the  "electric  egg,"  an  ovoid 
glass  vessel  with  a  variable  vacuum,  across  which  leaped  a 
spark  created  by  an  electrical  machine.  Then  in  1838,  Fara- 
day began  his  systematic  investigations  of  phenomena  that 
occur  when  electric  discharges  pass  through  rarefied  ga.ses. 
Four  years  later,  Abria  of  Boulogne,  passing  current  from  an 
induction  coil  through  an  "electric  egg,"  saw  the  beautiful  pur- 
ple light  that  streamed  from  the  positive  to  negative  pole  and 
had  the  extraordinary  power  of  exciting  fluorescence.  In  1 879, 
Crookes,  working  with  much  higher  degrees  of  vacuum  (one 
millionth  of  an  atmosphere  or  less),  discovered  emanations 
from  the  negative  pole  that  excited  brilliant  fluorescence  and 
were  deflected  by  a  magnet;  he  regarded  these  as  a  stream  of 
negatively  electrified  molecules  or  atoms  flying  with  great 
velocity  from  the  cathode.  Crookes"  experiments  were  in- 
teresting but  his  tube  shared  the  oblivion  of  the  electric  egg 
until  Hertz  took  it  out  of  retirement.  Hertz  believed  that  the 
cathode  discharge  did  not  consist  of  electrified  particles  but 
was  wave  motion.  When  Hertz  found  that  the  waves  passed 
through  a  thin  aluminum  sheet.  Lenard  decided  to  bring  the 
cathode  rays  outside  the  glass  tube  and  did  it  by  substituting 
a  small  window  of  thin  aluminum  for  a  portion  of  the  glass 
tube;  by  so  doing,  he  made  both  cathode  rays  and  true  Roent- 
gen rays  available  for  study.  Roentgen  differentiated  the  two. 

Was  Roentgen's  an  accidental  discovery?  Others  might 
have  discovered  them  earlier,  but  did  not.  Crookes,  after  ex- 
perimenting with  his  tube  and  developing  some  photographic 
plates,  noted  on  his  pictures  marks  that  corresponded  to  his 
fingers;  thinking  the  plates  were  defective,  he  returned  them 
to  the  manufacturer  with  some  strong  remarks!  Roentgen's 
research  dealt  with  the  nature  of  rays  coming  from  Lenard 
or  Crookes  tubes.  "Roentgen's  discovery  cannot  in  any  sense 
be  called  accidental;  it  was  the  result  of  deliberate  and  directed 
thought.  He  was  looking  for  something — he  knew  not  pre- 
cisely what.  And  he  found  it.  Fortunate  the  discovery  may  well 
be  deemed,  but  not  fortuitous"  (15). 

Julius  H.  Comroe,  Jr. 
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during  bias-flow  ventilation  [Torres  et  al]  40(1):22 
research  article 

Evaluation  of  the  Ciba  Corning  840  blood  gas  analyzer 
[Wong  et  al]  40(6):638  research  article 

Measurement  of  airway  occlusion  pressure  (Po.i)  by  a 
semi-automated  bedside  system  [Gilmore  et  al] 
40(7):722  research  article 

Multisite  evaluation  of  a  hemoglobin-based  control  for 
pH  and  blood-gas,  electrolyte,  and  CO-oximetry  in- 
struments [Liffmann  et  al]  40(8):820  research  article 
Mechanical  Ventilators  &  Ventilation 

Acute  respiratory  distress  syndrome  in  pediatric  pa- 
tients: redirecting  therapy  to  reduce  iatrogenic  lung 
injury  [Heulitt  et  al]  40(1  ):74  review  article 

Capnography/capnometry  during  mechanical  ventila- 
tion 40(12):  1321  clinical  practice  guideline 

Case  studies  on  mechanical  ventilator  innovations:  per- 
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specti\es  ot  two  clinicians  [Hess  &  Branson]  40 
(9):957  conference  proceedings 

Clinical  outcome  end  points  and  assessment  of  mechan- 
ical ventilation  innovations  [Dellinger]  40(9):975 
conference  proceedings 

Comparison  of  inspiratory  work  of  breathing  in  young 
lambs  during  flow-triggered  and  pressure-triggered 
\'entilation  [Carmack  et  al]  40(1):28  research  article 

Consensus  statement;  assessing  innovations  in  mechan- 
ical ventilatory  support  40(  1 1  ):928  statement 

Current  limitations  of  mechanical  ventilation:  what  im- 
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40(9):933  conference  proceedings 

Efficacy  assessment  criteria  based  on  risk  and  cost 
[Maclntyre]  40(9):968  conference  proceedings 

Evaluation  of  a  method  for  measuring  minute  volumes 
during  bias-flow  ventilation  [Torres  et  al|  40(1  ):22 
research  article 

FDA:  the  regulatory  process  [Slutskyl  40(9):952  con- 
ference proceedings 

Introducing  new  mechanical  ventilation  technology:  the 
hospital  perspective  [Kacmarek|  40(9):947  confer- 
ence proceedings 

Laboratory  evaluation  of  oxygen-enrichment  methods 
using  a  portable  volume  ventilator  (McFalls[ 
40(2):156  research  article 

Long-term  invasive  mechanical  ventilation  in  the  home 
40(  12):  1313  clinical  practice  guideline 

Mechanical  ventilation  in  Duchenne's  disease:  a  case 
report  [Ahbona  &  Navarro]  40(7):734  case  report 
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perspective  [DeVries]  40(9):942  conference  pro- 
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Patient-determined  inspiratory  flow  during  assisted  me- 
chanical ventilation  [Haas  et  al[  40(7):716  research 
article 
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mechanical  ventilation  [Tobin  et  al]  40(9):971  con- 
ference proceedings 

Work  of  breathing  imposed  by  five  ventilators  used  for 
long-term  suppoil:  the  effects  of  PEEP  and  simulat- 
ed patient  demand  [Branson  &  Davis[  40(12):1270 
research  article 
Mechanical  Ventilation  &  Trigjjering 

Comparison  of  inspiratory  work  of  breathing  in  young 
lambs  during  How-triggered  and  pressure-triggered 
ventilation  [Carmack  et  al[  40(1):2S  research  article 

Ventilatory  support  during  cardiopulmonary  resuscita- 
tion [Branson  &  Johannigman|  40(5):479  confer- 
ence proceedings 
Mechanical  Ventilation,  High-Frequcncy 

Case  studies  on  mechanical  ventilator  innovations:  per- 
spectives of  two  clinicians  [Hess  &  Branson [ 
40(9):957  conference  proceedings 


Extracorporeal  life  support  and  high-frequency  oscilla- 
tory ventilation:  alternatives  for  the  neonate  in  se- 
vere respiratory  failure  [Bower  &  Betit|  40(1  ):61  re- 
view article 

High-frequency  oscillatory  ventilation  as  a  bridge  from 
extracoiporeal  membrane  oxygenation  in  pediatric 
respiratory  failure  [Schexnayder  et  al[  40(1  ):44  case 
series 
Mechanical  Ventilation,  Long-Term 

Assisted  Mechanical  Ventilation  at  Home:  A  Practical 
Guide  (Kinnear)  [Wilson]  40(12):1344  book  review 

Laboratory  evaluation  of  oxygen-enrichment  methods 
using  a  portable  volume  ventilator  [McFalls]  40 
(2):156  research  article 

Long-term  invasive  mechanical  ventilation  in  the  home 
40(  12):  1313  clinical  practice  guideline 

Long-term  mechanical  ventilation  and  weaning 
[Pierson]  40(3):289  symposium  paper 

Mechanical  ventilation  in  Duchenne's  disease:  a  case 
report  [Abbona  &  Navarrol  40(7):734  case  report 

Noninvasive  ventilatory  suppoil  in  pediatiic  respiratoiy 
failure  [Teague  &  FoilenbeiTv]  40(1  ):86  review  article 

Work  of  breathing  imposed  by  five  ventilators  used  for 
long-term  support:  the  effects  of  PEEP  and  simulat- 
ed patient  demand  [Branson  &  Davis[  40(12):  1270 
research  article 
Mechanical  Ventilation,  Noninvasive 

Dyspnea  during  weaning  |Marini[  40(3):271  sympo- 
sium paper  [correction  on  40(5):574[ 

Mechanical  ventilation  in  Duchenne's  disease:  a  case 
report  [Abbona  &  Navarro[  40(7):734  case  report 

Noninvasive  positive-pressure  ventilation  in  acute  res- 
piratory failure:  review  of  reported  experience  with 
special  attention  to  use  during  weaning  [Sassoon]  40 
(3):282  symposium  paper 

Noninvasive  ventilatory  support  in  pediatric  respiratory 
failure  [Teague  &  Fortenberryl  40(1  ):86  review  arti- 
cle 
Mechanical  Ventilation,  Weaning 

Dyspnea  during  weaning  [Marini[  40(3):271  sympo- 
sium paper  [correction  on  40(5):574| 

Long-term  mechanical  ventilation  and  weaning  [Pier- 
son[  40(3):289  symposium  paper 

Nonrespiratory  aspects  of  weaning  from  mechanical 
ventilation  [Pierson|  40(3):263  symposium  paper 

Noninvasive  positive-pressure  ventilation  in  acute  res- 
piratory failure:  review  of  reported  experience  with 
special  attention  to  use  during  weaning  [ Sassoon [  40 
(3):282  symposium  paper 

Psychological  factors  in  weaning  mechanical  ventilato- 
ry support  [Maclntyre]  40{i):2n  symposium  paper 

Psychological  issues  in  the  ventilator-dependent  patient 
]Criner&  Isaac]  40(8):855  review  article 

Respiratory  factors  in  weaning  mechanical  \entilatory 
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support  [Maclntyre]  40(3):244  symposium  paper 

The  effects  of  artificial  airways  on  airflow  and  ventila- 
tory mechanics:  basic  concepts  and  clinical  rele- 
vance [Sharar]  40(3):257  symposium  paper 

Weaning  and  extubation  are  not  the  same  thing  [Sharar] 
40(3):239  symposium  paper 

Weaning  from  mechanical  ventilation:  physician-di- 
rected vs  a  respiratory-therapist-directed  protocol 
[Wood  et  al]  40(3):219  research  article 

Weaning  from  mechanical  ventilation:  why  all  the  con- 
fusion? [Pierson]  40(3):228  symposium  paper 

Weaning  techniques  and  protocols  [Marini]  40(3):233 
symposium  paper 

What  you  need  to  know  about  the  ventilator  in  weaning 
[Sassoon  &  Mahutte]  40(3):249  symposium  paper 
Medical  Direction:  See  specific  Clinical  Practice 

Guidelines 
Medications:  See  Drugs  &  Drug  Therapy 
Metered  Dose  Inhalers  (MDIs) 

Pulmonary  response  to  an  inhaled  bronchodilator  in 
chronically  ventilated  preterm  infants  with  suspected 
airway  reactivity  [Holt  et  al]  40(2):  145  research  ar- 
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Reader-investigators  probe  differences  in  aerosol  study 
results  [Fink  &  Dhand]  40(2):  186  letter  [response  by 
Harwood.  Rau,  &  Goodfellow[  also  see  related  arti- 
cle hy  Harwood  et  al  39(9):886 
Method  &  Technique  Evaluations:  See  Equipment  & 

Supplies  &  Their  Evaluation 
Models,  Animal 

Comparison  of  inspiratory  work  of  breathing  in  young 
lambs  during  flow-triggered  and  pressure-triggered 
ventilation  [Carmack  et  al]  40(1):28  research  article 

Effects  of  aerosolized  synthetic  surfactant  in  a  canine 
model  of  wood  smoke  inhalation  [Fluck  et  al]  40(6): 
631  research  article 
Models,  Bench:  See  Bench  Evaluations 
Models,  Student  Selection 

A  behavioral  science  approach  to  clinical  research 
[Shaw  &  PrewittI  40(10):1038  editorial 

Selecting  students  for  a  baccalaureate-degree  respirato- 
ry care  program  [Shaw  &  Prewitt]  40(10):  1052  orig- 
imd  research 
Monitoring:  See  specific  Clinical  Practice  Guidelines 
Mortality,  Predicting 

Severity  scores  in  respiratory  intensive  care:  APACHE 
II  predicted  mortality  better  than  SAPS  II  [del 
Bufalo  et  al]  40(10):  1042  original  research 
Nebulizers,  Inhalers,  &  Vaporizers 

Octave  waveband  analysis  to  determine  sound  frequen- 
cies and  intensities  produced  by  nebulizers  and  hu- 
midifiers used  with  hoods  [Mishoe  et  al]  40(11): 
1120  research  article 

Quiet — hospital  zone:  why  we  should  reduce  noise  lev- 


els in  the  hospitals  [Mishoe]  40(11):1116  editorial 
Neonatal  Respiratory  Care:  See  Respiratory  Care, 

Neonatal 
Neurologic  Assessment:  See  Assessment,  Neurologic 

Mechanical  ventilation  in  Duchenne's  disease:  a  case 
report  [Abbona  &  Navarro|  40(7):734  case  report 
New  Horizons  Symposium 

Ventilator  Weaning  from  A  to  Z  (Pierson,  guest  editor) 
40(3):228-295 
Nitric  Oxide 

Inhaled  nitric  oxide  delivery  systems:  a  role  for  respira- 
tory therapists  [Hess  et  al[  40(7):702  editorial 
Inhaled  nitric  oxide:  evaluation  of  a  continuous  titration 
delivery  technique  for  infant  mechanical  and  manual 
ventilation  [Betit  et  al]  40(7):706  research  article 
Noise  &  Hearing  Loss 

Octave  waveband  analysis  to  determine  sound  frequen- 
cies and  intensities  produced  by  nebulizers  and  hu- 
midifiers   used    with    hoods    [Mishoe    et    al] 
40(  1 1) :  1 1 20  research  article 
Quiet — hospital  zone:  why  we  should  reduce  noise  lev- 
els in  the  hospitals  [Mishoe]  40(11):1116  editorial 
Occupational  Exposure:  See  Caregiver  Protection 
Open  Forum 

A  reader  objects  to  small-type  abstracts  [Hagan[ 
40(2):186  letter  [response  by  Brougher| 

Open  Forum  abstracts  40(11):  1152 

Open  Forum  authors  40(11):  1210 
Orders  for  Therapy:  See  Protocols,  Patient  Driven 
Outcomes 

Clinical  outcome  end  points  and  assessment  of  mechan- 
ical ventilation  innovations  [Dellinger]  40(9):975 
conference  proceedings 

Consensus  statement:  assessing  innovations  in  mechan- 
ical ventilatory  support  40(11):928  statement 

Efficacy  assessment  criteria  based  on  risk  and  cost 
[Maclntyre]  40(9):968  conference  proceedings 

Study  design:  statistical  and  methodologic  considera- 
tions [Rubenfeld[  '^Oi.^Y.^^ii  conference  proceedings 

Using  physiologic  end  points  to  assess  innovations  in 
mechanical  ventilation  [Tobin  et  al]  40(9):971  con- 
ference proceedings 
Oximeters  &  Oximetry 

The  impact  of  a  postoperative  oxygen  therapy  protocol 
on  use  of  pulse  oximetry  and  oxygen  therapy 
[Komara  &  Stoller]  40(11):  1125  original  research 
Oxygen  Administration  &  Therapy 

Clinical  evaluation  of  pulse-dose  and  continuous-flow 
oxygen  delivery  [Yuan  et  al]  40(8):811  research  ar- 
ticle 

Laboratory  evaluation  of  oxygen-enrichment  methods 
using  a  portable  volume  ventilator  [McFalls]  40(2): 
156  research  article 
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on  use  of  pulse  oximetry  and  oxygen  therapy 
[Komara  &  StoUer]  40(11):  1125  original  research 
Peak  Flow  Meter:  Also  see  Pulmonary  Function 
Testing 
Assessing  response  to  bronchodilator  at  the  point  of 

care  40(12):  1300  clinical  practice  guideline 
Asthma  self-management  programs  can  reduce  the 
need  for  hospital-based  asthma  care  [Lawrence] 
4Q{1):39  research  article 
Pediatric  Respiratory  Care:  See  Respiratory  Care, 

Pediatric 
PEEP:  See  Positive  End-Expiratory  Pressure 
pH:  See  Arterial  Blood  Gases/pH 
Pharmacology:  See  Drugs  &  Drug  Therapy 
Plethysmography,  Respiratory  Inductive 

Respiratory  inducti\'e  plethysmography:  application  in 
infants  [Alderson  &  Wan-en|  40(1):  114  Kittredge's 
Corner 
Pneumonia,  Nosocomial 

Ventilator-associated  pneumonia:  an  update  for  clini- 
cians [Kollef&  Silver]  mnV-WM  review  article 
Polysomnography:  See  Sleep  Apnea  &  Sleep-Dis- 
ordered Breathing 
Positive  End-Expiratory  Pressure  (PEEP) 

A  case  of  patient-ventilator  dyssynchrony  caused  by  in- 
advertent PEEP  [Blackson  et  al]  40(11):1144  case 
report 
Clinical  evaluation  of  pulse-dose  and  continuous-flow 
oxygen  delivery  [Yuan  et  al]  40(8):811  research  ar- 
ticle 
Measurement  of  airway  occlusion  pressure  (Pq  |)  by  a 
semi-automated  bedside  system   [Gilmore  et  al] 
40(7):722  research  article 
Mechanical  ventilation  in  Duchenne's  disease:  a  case 

report  [Abbona  &  Navarro]  40(7):734  case  report 
Patient-determined  inspiratory  flow  during  assisted  me- 
chanical ventilation  ]Haas  et  al]  40(7):716  research 
article 
Severity  scores  in  respiratory  intensive  care:  APACHE 
II  predicted  mortality  better  than  SAPS  II  [del 
Bufalo  et  al]  40(10):1042  original  research 
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[Czachowski]  40(6):617  editorial 
RCPs  and  health-care  reform:  demonstrating  value,  cre- 
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Committee  Special  Lecture 
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the  bath   water  (maybe)  but  do  save  the  baby! 
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syndrome:  hypoxic-  and  hypercarbic-gas  therapy 
]EI-Lessy]  40(7):737  case  report 
Protocols,  Patient-Driven 

The  impact  of  a  postoperative  oxygen  therapy  protocol 
on  use  of  pulse  oximetry  and  oxygen  therapy 
[Komara  &  Stoller]  40(11):1125  original  research 

Weaning  from  mechanical  ventilation:  physician-di- 
rected vs  a  respiratory-therapist-directed  protocol 
[Wood  et  al]  40(3):219  research  article 
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Driven 
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Disability 

Nonrespiratory  aspects  of  weaning  from  mechanical 
ventilation  ]Pierson]  40(3):263  symposium  paper 

Psychological  factors  in  weaning  mechanical  ventilato- 
ry support  ]MacIntyre]  40(3):277  symposium  paper 
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A  case  of  patient-ventilator  dyssynchrony  caused  by  in- 
advertent PEEP  ] Blackson  et  al]  40(11):  1144  case 
report 

Infant/toddler  pulmonary  function  tests  40(7):761 
Clinical  Practice  Guideline 

Pulmonary  response  to  an  inhaled  bronchodilator  in 
chronically  ventilated  preterm  infants  with  suspected 
airway  reactivity  [Holt  et  al]  40(2):145  research  ar- 
ticle 
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vance ]Sharar] 
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Development  of  a  safety  module  to  satisfy  the  require- 
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education  [Lowe]  40(1  ):35  research  article 

FDA:  the  regulatory  process  [Slutsky]  40(9):952  con- 
ference proceedings 
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Extracorporeal  life  support  and  high-frequency  oscilla- 
tory ventilation:  alternatives  for  the  neonate  in  se- 
vere respiratory  failure  [Bower  &  Betit]  40(1):61  re- 
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Flexible  endoscopy  in  the  diagnosis  and  management 
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delivery  technique  for  infant  mechanical  and  manual 
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Neonatal  resuscitation  program  and  pediatric  advanced 
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ceedings 
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[Courtney]  40(8):878  book  review 
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cies and  intensities  produced  by  nebulizers  and  hu- 
midifiers used  with  hoods  [Mishoe  et  al]  40 
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chronically  ventilated  preterm  infants  with  suspected 
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Neonatal  resuscitation  program  and  pediatric  advanced 
life  support  ] Malinowski]  40(5):575  conference  pro- 
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Pulmonary  disease  in  AIDS:  implications  for  respirato- 
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original  research 

Some  RCPs  jeopardize  their  careers  and  our  future 
[Wiedeman]  40(1):  123  letter  also  see  related  article 
39(10):1004 

Strategies  for  maintaining  ACLS  skills  in  hospitals 
[Boudin]  40(5):550  conference  proceedings 

The  status  of  research  instruction  in  advanced  respirato- 
ry care  practitioner  programs:  a  survey  [Childers  & 
Jones]  40(2):152  research  article 

Ventilatory  support  during  cardiopulmonary  resuscita- 
tion [Branson  &  Johannigman]  40(5):479  confer- 
ence proceedings 

Weaning  from  mechanical  ventilation:  physician-di- 
rected vs  a  respiratory-therapist-directed  protocol 
[Wood  et  al]  40(3):219  research  article 
Respiratory  Care  Practitioners,  Credentialing 

Hyperactive  Software — clinical  simulations  for  use 
with  IBM  PCs  and  Macintosh  computers  by  Bill 
Leffler  [Olson]  40(7):777  sqfhvare  review 
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Respiratory  Drive 

Measurement  of  airway  occlusion  pressure  (Poi)  by  a 
semi-automated  bedside  system  (Gilmore  et  al]  40 
(7):722  research  article 
Respiratory  Failure 

Noninvasive  positive-pressure  ventilation  in  acute  res- 
piratory failure:  review  of  reported  experience  with 
special  attention  to  use  during  weaning  [Sassoon]  40 
(3):282  symposium  paper 

Nonin\asive  ventilatory  support  in  pediatric  respira- 
tory failure  [Teague  &  Fortenberry]  40(1  ):86  re- 
view article 
Respiratory  Mechanics:  See  Lung  Mechanics  and 

Spirometry 
Respiratory  Muscles 

Respiratory  factors  in  weaning  mechanical  ventilatory 
support  [Maclntyre]  40(3):244  symposium  paper 
Restructuring,  Hospital 

RCPs  and  health-care  reform:  demonstrating  value,  cre- 
ating opportunity  [Shrake]  40(2):162  Program 
Committee  Special  Lecture 

Respiratory  care  in  the  era  of  work  redesign:  out  with 
the  bath  water  (maybe)  but  do  save  the  baby! 
[Stoller]40(7):700t'(//7r>W«/ 
Resuscitation  &  Related  Equipment  &  Supplies 

ACLS  drugs  used  during  resuscitation  [Rau]  40(4):404 
conference  proceedings 

ACLS  systems  and  training  programs — do  they  make  a 
difference?  [Pepe]  40(4):427  conference  proceeding 

Bench  evaluation:  three  face-shield  CPR  barrier  de- 
vices [Simmons  et  al]  40(6):618  research  article 

Clinical  practice  guidelines  for  resuscitation  in  acute 
care  hospitals  [Barnes]  40(4):346  conference  pro- 
ceedings 

Compression  techniques  and  blood  flow  during  car- 
diopulmonary resuscitation  [Halperin  et  al|  40(4): 
380  conference  proceedings 

Defibrillation  during  resuscitation  40(7):744  Clinical 
Practice  Guideline 

Do-not-resuscitate  orders:  a  critical  review  of  the  litera- 
ture [Rubenfeld]  40(5):528  conference  proceedings 

Methods  of  emergency  drug  administration  [Hess  & 
Alagarj  40(5):4y8  conference  proceedings 

Pacemakers  and  electrical  therapy  during  advanced  car- 
diac life  support  [Aufderheidej  40(4):364  confer- 
ence proceedings 

Practice  guidelines  for  airway  care  during  resuscitation 
[Bishopl  40(4):393  conference  proceedings 

Research  on  ACLS  training — which  methods  improve 
skill  and  knowledge  retention.'  |Kaye|  40(5):538 
conference  proceedings 

Resuscitation  in  acute  care  hospitals — the  lime  for 
change  is  now!  |Durbiii|  40(4):335  conference  sum- 
mary 


Resuscitation:  when  is  enough,  enough?  [Hamill] 
40(5):515  conference  proceedings 

The  development  of  AHA  guidelines  for  emergency 
cardiac  care  [Sanders]  40(4):338  conference  pro- 
ceedings 

The  first  ACLS  course:  resuscitation  training  for  stu- 
dents [Fluck]  40(5):567  conference  proceedings 

Ventilatory  support  during  cardiopulmonary  resuscita- 
tion [Branson  &  Johannigman]  40(5):479  confer- 
ence proceedings 
Retrospectroscope  Redux:  See  "Classic  Reprints" 

Feature 
Risk:  Also  see  Complications 

Efficacy  assessment  criteria  based  on  risk  and  cost 
]MacIntyre]  40(9):968  conference  proceedings 

FDA:  the  regulatory  process  JSlutsky]  40(9):952  con- 
ference proceedings 

First,  do  no  harm — balancing  the  risks  and  benefits  of 
medical  procedures  [Durbin]  40(11):1118  editorial 

Median  nerve  damage  from  brachial  artery  puncture:  a 
case  report  ] Watson]  40(11):  1141  case  report 
Role:  See  Respiratory  Care  Practitioners  &  Role  of 
Safety  Issues 

Development  of  a  safety  module  to  satisfy  the  require- 
ments of  regulatory  agencies  for  hospital  staff  safety 
education  ]Lowe]  40(1  ):35  research  article 
Scoring,  Illness  Severity 

Severity  scores  in  respiratory  intensive  care:  APACHE 
II  predicted  mortality  better  than  SAPS  II   Idel 
Bufalo  et  al]  40(10):  1042  original  research 
Self-Management 

Asthma  self-management  programs  can  reduce  the 
need  for  hospital-based  asthma  care  JLawrence] 
40(1):39  research  article 
Sleep  Apnea  &  Sleep-Disordered  Breathing 

Guidelines:  a  call  for  implementation  and  assessment  of 
impact  (Strohl)  40(12):1269  editorial 

Polysomnography  40(12):1336  clinical  practice  guide- 
line 

Sleep  apnea:  is  your  patient  at  risk?  (NHLBI)  40(12): 
1287  special  article 
Smoke  Inhalation 

Effects  of  aerosolized  synthetic  surfactant  in  a  canine 
model  of  wood  smoke  inhalation  [Fluck  et  al]  40(6): 
631  research  article 
Software  Reviews 

Hyperactive  Software — clinical  simulations  for  use 
with  IBM  PCs  and  Macintosh  computers  by  Bill 
Leftler  ]Olson]  40(7):777  software  review 

Remark  Office  OMR  Software  from  Principia  Products 
Inc  ]  Weber]  40(  10):  1068  software  review 
Spirometry:  Also  see  Pulmonary  Function  Testing  and 

Lung  Mechanics 

Assessing  response  to  bioncluKlilatoi'  al  the  point  of 
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care  40(  12):  1300  clinical  practice  guideline 

Infant/toddler  pulmonary  function  tests  40(7):761 
Clinical  Practice  Guideline 

Pulmonary  response  to  an  inhaled  bronchodilator  in 
chronically  ventilated  preterm  infants  with  suspected 
airway  reactivity  [Holt  et  al]  40(2):145  research  ar- 
ticle 

Responses  to  inhaled  bronchodilator  in  patients  with 
acute  airflow  obstruction  [Limauro  et  al]  40(8):815 
research  article 

The  effect  of  pulmonary  secretions  on  respiratory  me- 
chanics in  intubated  patients  [Chatila  W  et  al|  40 
{10):IQ4H  case  series 
Statistics  &  Study  Design 

A  behavioral  science  approach  to  clinical  research 
[Shaw  &  Prewitt]  40(10):  1038  editorial 

Clinical  outcome  end  points  and  assessment  of  mechan- 
ical ventilation  innovations  [Dellinger]  40(9):975 
conference  proceedings 

Second  International  Cochrane  Colloquium — official 
annual  meeting  of  the  Cochrane  Collaboration;  a 
conference  report  [Jones]  40(2):171  report 

Selecting  students  for  a  baccalaureate-degree  respirato- 
ry care  program  [Shaw  &  Prewitt]  40(  10):1052  orig- 
inal research 

Study  design;  statistical  and  methodologic  considera- 
tions [Rubenfeld]  40(9):980  conference  proceedings 

The  status  of  research  instruction  in  advanced  respirato- 
ry care  practitioner  programs;  a  survey  [Childers  & 
Jones]  40(2):  152  research  article 

Using  physiologic  end  points  to  assess  innovations  in 
mechanical  ventilation  [Tobin  et  al]  40(9):971  con- 
ference proceedings 
Steroids 

Inhaled  anti-inflammatory  agents  in  childhood  asthma; 
theory  and  practice  [Fawcett]  40(  1  ):108  Drug  Capsule 

New  avenues  of  asthma  therapy  [Mathewson]  40(6): 
655  Drug  Capsule 
Suction,  Suctioning,  &  Suction  Devices  &  Supplies 

Closed-system  suction  catheter  [Lebowitz  &  Mazza- 
gatti]  40(10):1076  letter  [response  by  Milisch  et  al] 
also  see  related  article  by  Milisch  et  al  40(4):438 

Removal  of  a  closed-system,  directional-tip  suction 
catheter  [Milisch  et  al]  40(4):438  Test  Your  Radio- 
logic Skill  also  see  related  letter  by  Lebowitz  & 
Mazzagatti  40(10):  1076 

The  effect  of  pulmonary  secretions  on  respiratory  me- 
chanics in  intubated  patients  [Chatila  W  et  al]  40 
(10):104S  case  series 
Surfactant  &  Surfactant  Therapy 

Effects  of  aerosolized  synthetic  surfactant  in  a  canine 
model  of  wood  smoke  inhalation  [Fluck  et  al]  40(6): 
631  research  article 

Lung  Surfactant;  Basic  Research  in  the  Pathogenesis  of 


Lung  Disorders  (Miiller  &  von  Wichert)  [Cifuentes 
&  Carlo]  40(6):667  hook  review 
Symposium  Proceedings:  See  Consensus  Conference, 
Diamond  Conference,  Journal  Conference,  and  New 
Horizons  Symposium 
Synchrony,  Breathing 

A  case  of  patient-  ntilator  dyssynchrony  caused  by  in- 
advertent PEEP  [Blackson  et  al]  40(11):1144  case 
report 
Respiratory  inductive  plethysmography;  application  in 
infants  [Alderson  &  Wan-en]  40(1):  114  Kittredge's 
Corner 
Teamwork:  Also  see  Professionalism 

Not  turf  protection  but  teamwork  [Marcelis]  40(3):302 
letter 
Technology  Assessment:  See  Assessment,  Technology 
Terminology 

Weaning  and  extubation  are  not  the  same  thing  [Sharar] 
40(3):239  symposium  paper 
"Test  Your  Radiologic  Skill"  Feature  (TYRS:  brief 
case  reports  including  radiographs,  with  questions, 
answers,  &  discussion) 
Neonate  with  rigin  hemithorax  opacification  [Sittig] 

40(3):296  Test  Your  Radiologic  Skill 
Radiologic  abnormalities  due  to  penetrating  chest  trau- 
ma [Hiltner]  40(2):181  Test  Your  Radiologic  Skill 
Removal  of  a  closed-system,  directional-tip  suction 
catheter  [Milisch  et  al]  40(4):438  Test  Your  Radio- 
logic Skill  also  see  related  article  40(10):1076 
Therapist-Driven  Protocols:  See  Protocols,  Patient- 
Driven 
Tracheobronchomalacia 

Pulmonary  response  to  an  inhaled  bronchodilator  in 
chronically  ventilated  preterm  infants  with  suspected 
airway  reactivity  [Holt  et  al]  40(2):145  research  ar- 
ticle 
Tracheostomy  &  Tracheotomy:  See  Airway  Care  & 

Management 
Trauma  &  Trauma  Care 

Median  nerve  damage  from  brachial  artery  puncture;  a 

case  report  [Watson|  40(11):1141  case  report 
Radiologic  abnormalities  due  to  penetrating  chest  trau- 
ma [Hiltner[  40(2):181  Test  Your  Radiologic  Skill 
Tracheobronchial  fracture  from  blunt  chest  trauma:  a 
case  report  [Noblett  &  Selby]  40(8):866  case  report 
Trends  in  Medicine 

Assessing  Innovations  in  Mechanical  Ventilation 

(Maclntyre  &  East,  editors)  40(9):925 
Children  and  health-care  reform  [Lowe]  40(1  ):19  edito- 
rial 
RCPs  and  health-care  reform:  demonstrating  value,  cre- 
ating opportunity   [Shrake]  40(2):  162  Program 
Committee  Special  Lecture 
Respiratory  care  in  the  era  of  work  redesign;  out  with 
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the  bath  water  (maybe)  but  do  save  the  baby! 
|Stoller]40(7):700rt//;(>W(// 
Tuberculosis:  Also  see  Infection  &  Infection  Control 
Tubes,  Endotracheal  &  Traclieostomy:  See  Airway 

Care  &  Management 
Ventilation-Perfusion  Abnormality 

Pulmonary  vascular  control  in  hypoplastic  left-heart 
syndrome:  hypoxic-  and  hypercarbic-gas  therapy 
[El-Lessyl  40(7):737  case  report 
Ventilator  Circuits:  Also  see  Equipment  &  Supplies 
Ventilator-associated  pneumonia:  an  update  for  clini- 
cians [Kollef&  Silver]  40(11):1130  review 
Weaning:  See  Mechanical  Ventilation.  Weaning 
Work  of  Breathing 

Comparison  of  inspiratory  work  of  breathing  in 
young  lambs  during  flow-triggered  and  pressure- 
triggered  ventilation  [Carmack  et  al]  40(1):28  re- 
search article 
Measurement  of  airway  occlusion  pressure  (Po.i)  by  a 
semi-automated  bedside  system  [Gilmore  et  al] 
40(7):722  research  article 
Patient-determined  inspiratory  flow  during  assisted  me- 
chanical ventilation  [Haas  et  al]  40(7):716  research 
article 


Weaning  techniques  and  protocols  [Marini]  40(3):233 
syinposiiwi  paper 

What  you  need  to  know  about  the  ventilator  in  weaning 
[Sassoon  &  Mahutte]  40(3):249  symposium  paper 

Work  of  breathing  imposed  by  five  ventilators  used  for 
long-term  support:  the  effects  of  PEEP  and  simulat- 
ed patient  demand  [Branson  &  Davis]  40(12):  1270 
research  article 
Work  Redesign:  Also  see  Professionalism 

Continuing  education:  motivated  or  mandated? 
[Czachowski]  40(6):617  editorial 

Discharge  planning  for  the  respiratory  care  patient 
40(12):1308  clinical  practice  guideline 

Not  turf  protection  but  teamwork  [Marcelis]  40(3):302 
letter 

RCPs  and  health-care  reform:  demonstrating  value,  cre- 
ating opportunity  [Shrake]  40(2):  162  Program 
Committee  Special  Lecture 

Respiratory  care  in  the  era  of  work  redesign:  out  with 
the  bath  water  (maybe)  but  do  save  the  baby! 
[SloWer]  40(7 ):700  editorial 

Some  RCPs  jeopardize  their  careers  and  our  future 
[Wiedeman]  40(1):  123  letter;  also  see  related  letter 
39(10):  1004 
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Notices 


The  American  Respiratory  Care  Foundation  Announces 
Literary  Awards  for  1995 


1995  Award  for  Best  Original  Paper 

Best  Paper  Published  from  November  1994  through 
November  1995  {$2,000} 

Patient-Determined  Inspiratory  Flow  during  Assisted 
Mechanical  Ventilation— Carl  F  Haas  MLS  RRT.  Richard 
D  Branson  RRT.  Linda  M  Folk  RRT.  Robert  S  Campbell 
RRT,  Constance  R  Wise  BS  RRT.  Kenneth  Davis  Jr  MD. 
Ronald  E  Dechert  MS  RRT,  and  John  G  Weg  MD  [Respir 
Carel995;40(7):716-721] 


Best  Review  Paper 

Best  Review  Paper  Published  from  November  1 994  to 
November  1995  {$500} 

Pulmonary  Disease  in  AIDS:  Implications  for  Respiratory 
Care  Practitioners — Debra  L  Media  BS  RRT  and  Frederick 
POgnibeneMD  [Respir  Care  1995;40(8):832-854] 


Allen  &  Hanburys  Open  Forum  Awards 

Best  Papers  Based  on  Open  Forum  Presentations 

A  Case  of  Patient-Ventilator  Dyssynchrony  Caused  by 
Inadvertent  PEEP— Tom  Blackson  RRT,  Joseph  Ciarlo 
BA  RRT,  and  Albert  Rizzo  MD  [Respir  Care  1995;40 
(11):1 144-11471  ($500) 

The  Impact  of  a  Postoperative  Oxygen  Therapy  Protocol 
on  Use  of  Pulse  Oximetry  and  Oxygen  Therapy — JJ 
Komara  Jr  RRT.  and  James  K  StoIIer  MD  [Respir  Care 
1995:40(11):1125-1129]($500) 

Asthma  Self-Management  Programs  Can  Reduce  the  Need 
for  Hospital-Based  Asthma  Care — Gretchen  Lawrence  BA 
RRT  [Respir  Care  1995;40{l):39-43]  ($500) 

Bench  Evaluation:  Three  Face-Shield  CPR  Barrier 
Devices— Mark  Simmons  MSEd  RPFT  RRT,  Dan  Deao 


BS  RRT,  Laura  Moon  BS  RRT,  Kristi  Peters  MS,  and 
Sally  Cavanaugh  PhD  [Respir  Care  1995;40(6):61 8-623] 

($500) 

Evaluation  of  a  Method  for  Measuring  Minute  Volumes 
during  Bias-Flow  Ventilation — Adalberto  Torres  Jr  MD, 
Minken  P  Yeh  PhD.  Sterling  Wilson  MS,  Michael  Anders 
RRT,  and  Mark  J  Heulitt  MD  [Respir  Care  1995;40(1):22- 
27]  ($500) 


Dr  Allen  DeVilbiss  Technology  Paper  Award 

Best  Paper  published  from  November  1994 
through  November  1995  that  addresses 

new  technology  or  a  new  application 

of  current  technology  in  respiratory  care 

($2,000  cash  plus  travel  expenses  to  the 

AARC  Annual  Meeting  to  receive  the  award) 

Inhaled  Nitric  Oxide:  Evaluation  of  a  Continuous  Titration 
Delivery  Technique  for  Infant  Mechanical  and  Manual 
Ventilation— Peter  Betit  BS  RRT,  Ian  Adatia  MD.  Patrice 
Benjamin  RRT,  John  E  Thompson  RRT,  and  David  L 
WesselMD  [Respir  Care  1995:40(7):706-715] 


Radiometer  Awards  for  Best  Features 


Kittredge's  Corner — Respiratory  Inductive  Plethys- 
mography: Application  in  Infants — Sheila  Horan  Alderson 
BS  RRT  and  Robert  Hughes  Warren  MD  [Respir  Care 

1995;40(I):1 14-120]  ($333) 

Test  Your  Radiologic  Skill — Neonate  with  Right  Hemi- 
thorax  Opacification — Steven  E  Sittig  RRT  [Respir  Care 
1995:40(3):296-301] 

Test  Your  Radiologic  Skill — Removal  of  a  Closed-System, 
Directional-Tip  Suction  Catheter— Robert  A  Milisch  MEd 
RRT,  David  S  Rho  MD,  and  Sheila  A  Schell  RRT  [Respir 
Care  1995;40(4):438-441] 
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Manuscript  Preparation  Guide 


General  Information 

Respiratory  Care  welcomes  original  manuscripts  related  to 
respiratory  care  and  prepared  according  to  these  Instructions. 
Manuscripts  are  blinded  and  reviewed  by  professionals  who  are 
experts  in  their  fields.  Authors  are  responsible  for  all  aspects  of 
the  inanuscript  and  receive  galleys  to  proofread  before  publica- 
tion. Each  accepted  manuscript  is  copyedited  so  that  its  message 
is  clear  and  it  conforms  to  the  Journal's  style.  Published  papers 
are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  else- 
where without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication 
categories.  These  Instructions  and  related  materials  are  available. 
Write  to  Respiratory  Care.  11030  Abies  Lane.  Dallas  TX 
75229-4593.  call  (214)  243-2272.  or  fax  (214)  484-6010. 


Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page,  Abstract.  Introduction,  Methods,  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments, 
References,  Tables,  Appendices.  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or  mod- 
ification. It  has  a  Title  Page.  Abstract.  Introduction.  Descrip- 
tion of  Device/Method/Technique.  Evaluation  Methods. 
Evaluation  Results,  Discussion.  Conclusions,  Product  Sources, 
Acknowledgments,  References.  Tables.  Appendices,  Figures, 
and  Figure  Captions. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or 
was  managed  in  a  new  way.  or  is  exceptionally  instructive.  All 
authors  must  be  associated  with  the  case.  A  case-managing 
physician  must  either  be  an  author  or  furnish  a  letter  approving 
the  manuscript.  Its  components  are  Title  Page.  Abstract.  Intro- 
duction. Case  Summary.  Discussion.  References.  Tables. 
Figures,  and  Figure  Captions. 


Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 

Point-of-View  Paper:  A  paper  expressing  personal  but  substan- 
tiated opinions  on  a  pertinent  topic.  Title  Page.  Text.  References. 
Tables,  and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  forego- 
ing categories  may  be  acceptable  as  a  Special  Article.  Consult 
with  the  Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
may  present  an  opposing  opinion,  clarify  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in  this 
Journal  or  about  other  pertinent  topics.  Tables  and  illustrations 
may  be  included.  Mark  "For  publication." 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving 
blood-gas  values — with  Questions.  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacoki- 
netics, and  pharmacotherapy. 

Kittredge's  Corner:  A  brief  description  of  the  operation  of  res- 
piratory care  equipment — with  information  from  manufacturers 
and  editorial  comments  and  suggestions. 

PET  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary 
function  tests. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more 
radiographs,  may  involve  imaging  techniques  other  than  conven- 
tional chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 


Review  Article:  A  comprehensive,  critical  review  of  the  litera- 
ture and  state-of-the-art  summary  of  a  pertinent  topic  that  has 
been  the  subject  of  at  least  40  published  research  articles.  Title 
Page.  Outline.  Introduction,  Review  of  the  Literature,  Summary. 
Acknowledgments.  References.  Tables.  Appendices,  and  Figures 
and  Captions  may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer 
ihaii  40  published  research  articles. 


Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper.  S.5  in.  \  1  I  in.  (216  x  279 
mm)  with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the 
page.  Use  double-spacing  throughout  the  entire  manuscript.  Use 
a  standard  font  (eg.  Times.  Helvetica,  or  Courier)  at  least  10 
points  in  size,  and  do  not  use  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  corners.  Indent  paragraphs  5 
spaces.  Do  not  justify.  Do  not  put  authors"  names  or  other  iden- 
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tification  anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page:  Title  Page,  Abstract.  Text.  Product-Sources  List. 
Acknowledgments.  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction,  Methods,  Results, 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg.  Patients,  Equipment, 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  Joumars  style  for  references.  Abbreviate  journal  names  as  in 
Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

1.  Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992:37(11):  1 233- 1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1: 

2.  Bunch  D.  Establishing  a  national  database  tor  home  care.  AARC 
Times  l99l:l5(Mar):6l.62,64. 

Corporate  author  journal  article: 

3.  American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-dependent  patients  in  hospi- 
tals. Respir  Care  1988:33(1 1):I044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  infor- 
mation to  promote  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1986:89(3,  Suppl):139S-143S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those 
more  than  3  years  old  should  not  be  cited.) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990:35(11): 
1087-1088. 

Editorial  in  journal: 

6.  Enright  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev 
Respir  Dis  1993:I48(2):274. 

Editorial  with  no  author  given: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  pulmonary 
disease  (editorial).  Lancet  I992;340(8833):1440-I44l. 


Letter  in  journal: 

8.    Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  199I:99(4):I05I. 


Paper  accepted  but  not  yet  published: 

9.    Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary 
disease.  New  York:  Futura.  1990:76-85. 

Corporate  author  book: 

11.  American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group,  1977. 

Chapter  in  book  with  editor(s): 

12.  Pierce  AK.  Acute  respiratory  failure.  In:  GuenterCA.  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  column  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  symbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  not  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  Use  the  same  typeface  as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  figures.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  them  consecutively  as  Fig.  1,  Fig.  2,  and 
so  forth  according  to  the  order  by  which  they  are  mentioned  in 
the  text.  Be  sure  all  figures  are  cited.  If  any  figure  was  previ- 
ously published,  include  copyright  holder's  written  permission 
to  reproduce.  Figures  for  publication  must  be  of  professional 
quality.  Data  for  the  original  graphs  should  be  available  to  the 
Editor  upon  request.  If  color  is  essential,  consult  the  Editor  for 
more  information.  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  a  person.  Do  not  place  titles  and 
detailed  explanations  on  figures;  put  this  information  in  figure 
captions.  If  possible,  submit  radiographs  as  prints  and  full-size 
copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  be  listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any 
commercial  product  (including  model  number  if  applicable)  the 
first  time  it  is  mentioned,  giving  the  manufacturer's  name,  city, 
and  state  or  country.  If  four  or  more  products  are  mentioned,  do 
not  list  any  manufacturers  in  the  text;  instead,  list  them  on  a 
Product  Sources  page  at  the  end  of  the  text,  before  the  Refer- 


Respiratory  Care 


Manuscript  Preparation  Guide 


ences.  Proside  model  numbers  when  available  and  manufactur- 
er's suggested  price,  if  the  study  has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical 
standards  of  the  institution's  committee  on  human  experimenta- 
tion. State  that  informed  consent  was  obtained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that  the 
institution's  policy,  a  national  guideline,  or  a  law  on  the  care  and 
use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  u.sed  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Cite  only  textbook  and  published  article  refer- 
ences to  support  choices  of  tests.  Identify  any  general-use  or  com- 
mercial computer  programs  used,  naming  manufacturers  and  their 
locations.  These  should  be  listed  on  the  product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated; 
temperatures  in  degrees  Celsius;  and  blood  pressures  in  millime- 
ters of  mercury  (mm  Hg).  Report  hematologic  and  clinical-chem- 
istry measurements  in  conventional  metric  and  in  SI  (Systeme 
Internationale)  units.  Show  gas  pressures  (including  blood  gas 
tensions)  in  torr.  List  SI  equivalent  values,  when  possible,  in 
brackets  following  non-SI  values — for  example,  "PEEP.  10  cm 
H:0  [0.981  kPa]."  For  conversion  to  SI.  see  RESPIRATORY  Care 
1988;33(10):861-873(Oct  1988)  and  1989;34(2):145  (Feb  1989). 

Conflict  of  Interest.  Authors  are  asked  to  disclose  any  liaison  or 
financial  arrangement  they  have  with  a  manufacturer  or  distribu- 
tor whose  product  is  part  of  the  submitted  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  (Such 
arrangements  do  not  disqualify  a  paper  from  consideration  and 
are  not  disclosed  to  reviewers.)  A  statement  to  this  effect  is 
included  on  the  cover-letter  page. 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and 
symbols.  Avoid  creating  new  abbreviations.  Avoid  all  abbrevia- 
tions in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an 
abbreviation  only  if  the  term  occurs  several  times  in  the  paper. 
Write  out  the  full  term  the  first  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Standard 
units  of  measurement  can  be  abbreviated  without  explanation 
(eg,  10  L/min,  15  torr.  2.3  kPa). 

Please  use  the  following  forms:  cm  HiO  (not  cmH20).  f  (not 
bpm),  L  (not  1),  L/min  (not  LPM,  l/min.  or  1pm),  mL  (not  ml). 


mm  Hg  (not  mniHg),  pH  (not  Ph  or  PH).  p  >  0.001  (not  p>0.()01 ), 
s  (not  sec).  SpO;  (pulse-oximetry  saturation). 

Submitting  the  Manuscript 

Mail  three  copies  of  the  manuscript,  figures,  diskette,  and  the 
Cover  Letter  &  Checklist  to  RESPIRATORY  C.'^RE,  1 1030  Abies 
Lane,  Dallas  TX  75229-4593.  Do  not  fax  manuscripts.  Protect 
figures  with  cardboard.  Keep  a  copy  of  the  manuscript  and  fig- 
ures. Receipt  of  your  manuscript  will  be  acknowledged. 

Computer  Diskettes.  A  manuscript  may  be  submitted  on  a 
Macintosh  or  IBM-DOS  diskette.  Macintosh  documents  on  3.5 
in.  diskettes  written  in  Microsoft  Word  versions  4.0  and  5.0  are 
preferred.  However,  we  can  convert  most  documents  (including 
PC-DOS  format)  to  our  format.  Label  each  diskette  with  date; 
author's  name;  name  of  word-processing  program  and  version 
used  to  prepare  documents;  and  filename(s).  Do  not  write  on  a 
diskette  except  with  a  felt-tipped  pen.  Tables  and  figures  must 
be  in  their  own  separate  files,  with  software  identified.  Supply  3 
hard  copies  of  the  manuscript  with  the  diskette. 

Prior  and  Duplicate  Publication.  Work  that  has  been  pub- 
lished or  accepted  elsewhere  should  not  be  submitted.  In  spe- 
cial instances,  the  Editor  may  consider  such  material,  provid- 
ed that  permission  to  publish  is  given  by  the  author  and  orig- 
inal publisher.  Please  consult  the  Editor  before  submitting 
such  work. 

Authorship.  All  persons  listed  as  authors  should  have  partici- 
pated in  the  reported  work  and  in  the  shaping  of  the  manuscript; 
all  must  have  proofread  the  submitted  manuscript;  and  all  should 
be  able  to  publicly  discuss  and  defend  the  paper's  content.  A 
paper  with  corporate  authorship  must  specify  the  key  persons 
responsible  for  the  article.  Authorship  is  not  justified  solely  on 
the  basis  of  solicitation  of  funding,  collection  or  analysis  of  data, 
provision  of  advice,  or  similar  services.  Persons  who  provide 
such  ancillary  services  exclusively  may  be  recognized  in  an 
Acknowledgments  section. 

Permissions.  The  manuiicript  must  be  accompanied  by  copies  of 
permissions  to  reproduce  previously  published  material  (figures 
or  tables);  to  use  illustrations  of,  or  report  sensitive  personal 
information  about,  identifiable  persons;  and  to  name  persons  in 
the  Acknowledgments  section. 

Reviewers.  Please  supply  the  names,  credentials,  affiliations, 
addresses,  and  phone/fax  numbers  of  three  professionals  whom 
you  consider  expert  on  the  topic  of  your  paper.  Your  manuscript 
may  be  sent  to  one  or  more  of  them  for  blind  peer  review. 
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ws  releases  about  nev\  products  and  services  will  be  considered  tor  publication  in  this  section.  There  is  no  charge  to 
se  listings.  Send  descriptive  release  and  glossy  black  and  while  photographs  to  R!..splRATnRV  CarI:  Journal,  Nev 
.ducts  and  Ser\'ices  Dept.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


Tracheostomy  Kit.  Smiths  IntJus- 
tries  Medical  Systems  offers  a  kit  de- 
signed for  bedside  tracheostomy  pro- 
cedures. The  Per-fit.  according  to  the 
manufacturer,  is  designed  to  provide 
physicians  with  a  quick  and  safe  means 
of  bedside  tracheostomy  for  critically  ill 
patients.  TTie  kit  contains  the  Portex  Per- 
fit  Tube,  with  a  radiopaque  line  for  easy 
radiographic  identification  of  tube  lo- 
cation; a  prep  tray  complete  with  sponge 
applicators,  gauze,  lodophor  PVP  so- 
lution, and  drape;  and  a  procedural  tray 
with  a  tracheostomy  tube,  anesthetics, 
and  all  instruments  to  perform  the  pro- 
cedure. The  kit  is  available  in  3  sizes — 
7-mm.  8-mm  and  9-mm  ID.  To  order, 
call  (800)  257-5361.  Please  mention 
Re.spiratory  Care  when  calling. 


DISPOSABI.K  Sknsor.  Schiller  Amer- 
ica introduces  a  disposable  spirometry 
sensor,  the  SP-150.  The  sensor  is  small 
and  precise  and  can  be  disposed  of  after 
each  patient  use.  According  to  Schiller, 
high-precision  manulacturing  makes  the 
calibration  of  each  sensor  unnecessary. 
In  addition,  electronics  in  the  system's 
hanille  immediately  transfer  measuretl 
dala  iiiUi  a  signal  thai  makes  long  ami 


sensitive  transmission  tubes  unneces- 
sary. The  sensor  is  available  with 
Schiller's  spirometry  and  ECG  com- 
bination systems.  Mention  RESPIRA- 
TORY Care  when  you  call  (800)  247- 
8775  for  more  information. 


Oxygen  Cylinders.  Lightweight  "E" 

cylinders  are  now  available  from  Vic- 
tor Medical.  The  company  claims  the 
cylinders  are  easy  for  patients  to  use. 
When  compared  to  aluminum  cylinders, 
the  steel  cylinders  reduce  owner  oper- 
ating costs  by  providing  an  additional 
1 .5  hours  of  oxygen  and  by  requiring  hy- 
drotesting  only  once  every  10  years. 
Each  cylinder  is  painted  with  a  quali- 
ty paint  for  maintenance-free  operation. 
For  details,  mention  RE.SPIRATOR'i 
Care  when  you  call  Victor  Medical  at 
(800)382-8187. 


COMPUTER-BASED  TRAINING  PRO- 
(;ram.  Savant  Audiovisuals  Inc  releas- 
es an  interactive  computer-based  train- 
ing program — Proleciiiifi  Yourself  ciiidinst 
Blonilhorne  Diseases.  According  to  Sa- 
\  ant.  the  program  teaches  the  critical  el- 
cmeiilsofOSHA's  BUxKlbome  Patliogens 


Standard  and  complies  with  OSHA  train- 
ing and  record-keeping  requirements.  The 
program  covers  universiil  precautions,  per- 
sonal protective  equipment,  accidents  and 
cleiinup.  An  IBM-compatible  PC  running 
Windows  3. 1  or  later  version  is  required 
to  run  the  program.  To  order  a  demon- 
stration disk,  mention  RESPIRATORY 
Care  when  you  call  Savant  at  (800)  472- 
8268;  California  residents,  call  (714)  870- 
7880.  Write  to  the  company  at  Dept  RC, 
801  East  Chapman  Ave,  P  O  Box  3670. 
Fullerton  CA  92634. 


TUBERCULOSIS  Respirator.  Neoterik 

Health  Technologies  Inc  announces  the 
new  Tuberculosis  Respirator  designed  to 
comply  with  the  new  OSHA  policy  and 
Center  for  Disease  Control  guidelines. 
The  CF60  Respirator  is  battei'y -powered 
with  a  selection  of  comfortable  and  prac- 
tical luxxls,  rechiugeable  batteries,  99.99% 
HEPA  filters,  and  a  3-year  wiuranty.  ac- 
cording to  Noeterik.  Tlie  respirator  pro- 
vides protection  to  employees  in  hospi- 
tals, correctional  institutions,  homeless 
shekel's,  long-tenn  ciav  facilities,  luid  dmg 
treatment  centers.  For  details,  write  to 
Neoterik  Health  Technologies  Inc.  401 
Main  Street.  Woodsboro  MD  2 1 798.  Or 
mention  RliSPlR.vroR'i'  CAKI-:  when  you 
call  (.^01)  845-2777. 
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1996  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratoiy  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  in- 
vited to  present  posters  at  the  OPEN  FORUM  during  the  AARC 
Annual  Meeting  in  San  Diego.  California.  November  3-6  1996. 
Accepted  abstracts  will  be  published  in  the  October  1996  issue 
of  Respiratory  Care.  Membership  in  the  AARC  is  not  re- 
quired for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  ( 1)  an  original  study.  (2)  the  eval- 
uation of  a  metiiod  or  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing  care/re- 
habilitation, perinatology/pediatrics,  cardiopulmonary  tech- 
nology, or  health-care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  nation- 
al— meeting  and  should  not  have  been  published  previous- 
ly in  a  national  journal.  The  abstract  will  be  the  only  evidence 
by  which  the  reviewers  can  decide  whether  the  author  should 
be  invited  to  present  a  poster  at  the  OPEN  FORL'M.  Therefore, 
the  abstract  must  provide  all  important  data,  findings,  and 
conclusions.  Give  specific  information.  Do  not  write  such  gen- 
eral statements  as  "Results  will  be  presented"  or  "Significance 
will  be  discussed." 

Essential  Content  Elements 

Original  study.  Abstract  must  include  ( 1 )  Background: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  pennit  judgment  of  validity;  (3)  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statis- 
tical analysis;  (4)  Conclusions:  interpretation  of  the  meaning 
of  the  results. 

Method/device  evaluation.  Abstract  mu.st  include  ( I )  Back- 
ground: identification  of  the  method  or  device  and  its  intended 
function;  (2)  Method:  description  of  the  evaluation  in  suffi- 
cient detail  to  permit  judgment  of  its  objectivity  and  valid- 
ity; (3)  Results:  findings  of  the  evaluation;  (4)  Experience: 
summary  of  the  author's  practical  experience  or  a  lack  of  ex- 
perience; (5)  Conclusions:  interpretation  of  the  evaluation  and 
experience.  Cost  comparisons  should  be  included  where  pos- 
sible and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  ( I ) 
Introduction:  Relevant  basic  information  important  to  under- 
standing tlie  ca.se.  (2)  Case  Summary:  Patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  Content  should  re- 
flect results  of  literature  review.  The  author(s)  should  have 
been  actively  involved  in  the  case  and  a  ca.se-managing  physi- 
cian must  be  a  co-author  or  must  approve  the  report. 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  The  first  line  of 
the  abstract  should  be  the  title  in  all  capital  letters.  Title  should 
explain  content.  Follow  title  with  names  of  all  authors  (in- 
cluding credentials),  institution(s).  and  location.  Underline 
presenter's  name.  Type  or  electronically  print  the  abstract  .9//;- 
gle  spaced  in  the  space  provided  on  the  abstract  blank.  In- 
sert only  one  letter  space  between  sentences.  Text  submis- 
sion on  diskette  is  encouraged  but  must  be  accompanied  by 
a  hard  copy.  Identifiers  will  be  masked  (blinded)  for  review. 
Make  the  abstract  all  one  paragraph.  Data  may  be  submitted 
in  table  form,  and  .simple  figures  may  be  included  provided 
they  fit  within  the  .space  allotted.  No  figures,  illustrations,  or 
tables  are  to  be  attached  to  the  abstract  form.  Provide  all  au- 
thor information  requested  at  the  bottom  of  abstract  form.  A 
cleai'  photocopy  of  the  abstract  form  may  be  used.  Standard 
abbreviations  may  be  employed  without  explanation.  A  new 
or  infrequently  used  abbreviation  should  be  preceded  by  the 
spelled-out  term  the  first  time  it  is  used.  Any  recurring  phrase 
or  expression  may  be  abbreviated,  if  it  is  first  explained.  Check 
the  abstract  for  ( 1 )  en'ors  in  spelling,  grammar,  facts,  and  fig- 
ures; (2)  clarity  of  language;  and  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may  not 
be  reviewed.  Questions  about  abstract  preparation  may  be  tele- 
phoned to  the  editorial  staff  of  RESPIRATORY  Care  at  (214) 
243-2272. 

Deadline  Allowing  Revision 

Authors  may  choose  to  submit  abstracts  early.  Abstracts 
postmarked  by  February  1 1 ,  1996  will  be  reviewed  and  the 
authors  notified  by  letter  only  to  be  mailed  by  March  22, 
1996.  Rejected  abstracts  will  be  accompanied  by  a  written 
critique  that  should,  in  many  cases,  enable  authors  to  revise 
their  abstracts  and  resubmit  them  by  the  final  deadline  (April 
28,  1996). 

Final  Deadline 

The  mandatory  Final  Deadline  is  April  28  (postmark).  Au- 
thors will  be  notified  of  acceptance  or  rejection  by  letter  only. 
These  letters  will  be  mailed  by  July  15,  1996. 

Mailing  Instructions 
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Respirator^'  Care.  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
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Calendar 
of  Events 


AARC  &  AFFILIATES 

January  26, 1996  in  Austin,  Texas.  The  TSRC  announces 
its  Annual  Winter  Forum  at  the  Maniott  Hotel  on  1 1  th  Street. 
Contact  the  TSRC  Executive  Office  in  Dallas  at  (214)  680- 
2455  or  contact  Mimi  Bartel  in  Hou.ston  at  (713)  746-5354. 

January  31-February  2  in  Clacl<anias,  Oregon.  The  OSRC 

announces  its  annual  Pacific  Northwest  Respiratoiy  Care  Con- 
ference at  the  Monarch  Hotel.  Presentations  include  "Health 
Care  Reform:  What  It  Means  to  the  Practitioner."  "New 
Modes  of  Mechanical  Ventilation."  "What's  Snooze  in  Sleep." 
and  "Humor  and  Healing  in  Respiratory  Care."  CRCE  cred- 
it has  been  requested.  Contact  Irene  Iwata-Morgan  at  (503) 
494-6158. 

February  20-23, 1996  in  Reno,  Nevada.  The  American 
Lung  Association  (ALA)  of  Nevada  and  the  NSRC  host  the 
15th  Annual  High  Sierra  Critical  Care  Conference  at  the 
Peppermill  Hotel-Casino.  The  conference  covers  critical 
care  topics  in  adult,  pediatric,  and  neonatal  medicine.  Con- 
tact Sherry  Landis,  ALA  of  Nevada.  PO  Box  7056,  Reno 
NV  89510. 


OTHER  MEETINGS 

February  25-28, 1996  in  Snowbird,  Utah.  The  American 
College  of  Chest  Physicians  (ACCP)  hosts  its  next  meeting 


on  Cardiopulmonary  Wellness  and  Rehabilitation  in  Snow- 
bird. The  meeting  is  approved  for  12  hours  of  CRCE  cred- 
it. Contact  Renata  Simonsen,  ACCP  Education  Department, 
3300  Dundee  Rd.  Northbrook  IL  60062.  (708)  498-1400,  fax 
(708)498-5460. 

March  28-30, 1996  at  Big  Sliy,  Montana.  The  American 
Lung  Association  (ALA)  of  Montana  announces  the  15th  An- 
nual Big  Sky  Pulmonary  &  Critical  Care  Medicine  Confer- 
ence. Contact  the  ALA  of  Montana,  825  Helena  Ave,  Hele- 
na MT  59601 ,  (406)  442-6556,  fax  (406)  442-2346. 

April  9-15, 1996  in  Miami,  Florida.  The  Ventilation  As- 
sisted Children's  Center  ( VACC)  of  Miami  Children's  Hos- 
pital Division  of  Pulmonology  announces  its  free  camp  for 
ventilation-assisted  children  and  their  families.  Activities 
include  field  trips,  swimming,  games,  arts,  and  crafts.  The 
application  deadline  for  overnight  campers  is  January  5,  1996. 
Contact  Director  Moises  Simpser  or  Coordinator  Cathy  Klein, 
VACC,  Division  of  Pulmonology,  Miami  Children's  Hos- 
pital, 3200  SW  60th  Ct,  Suite  203.  Miami  FL  33155-4076, 
(305)  662-VACC,  fax  (305)  663-8417. 

September  18-21, 1996  in  San  Jose,  Costa  Rica.  The  Costa 
Rica  Society  for  Respiratory  Therapy  presents  the  2nd  Latin 
America  Congress  and  Caribbean  Congress  for  Respiratory 
Therapy.  Contact  Lie  Carlos  E  Pereira  Hidalgo,  Apartado  184- 
1017,  San  Jose  2000,  San  Jose,  Costa  Rica,  (506)  232-8310, 
fax  (506)  232-7786. 


Mark  Your  Calendars! 

Future  AARC  Conventions 


November  3-6, 1996  (Sunday  -  Wednesday) 
San  Diego,  California 

December  6-9, 1997 
New  Orleans,  Louisiana 

November  7-10, 1998 
Atlanta,  Georgia 
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your  lliroal,  l)ul  llicic  irally  is  an  alternative  to  Contnilled 
Meclianical  Ventilation  (CMV).  The  Hayek  Oscillator  is  a 
revolutionary  non-invasive  ventilator  thai  a\()i(ls  the  complications 
of  intubation  and  its  inherent  risks.  The  Hayek  Oscillator,  for  the 
first  time  offers  medical  professionals  a  real  choice.  The  Hayek 
Oscillator  can  be  effectively  used  to  treat  acute  and  chronic 
respiratory  insufficiency  in  adult  and  pediatric  patients. 


Ihe  Hayek  Oscillalomm  be  used  ei|iiall\  well  in  the  hospital,  the 
sub-acute  care  environmenl  and  in  the  home. 


Non-invasive. 

\cntilates  normal  and  sicl^ 

lunss. 

Improves  oxygenation. 

Quick  and  easy  to  use. 

Avoids  barotrauma. 


Provides  effective 
physiotherapy- 
Superior  secivtion 
mobilization. 

May  shorten  hospital  stays. 
Cost  effective. 
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\i)ur  throat.  I)iil  llicrc  really  is  an  alternative  to  Controlled 
Mechanical  Ventilation  (CMV).  The  lla\ek  Oscilhitor  is  a 
revolutionary  non-invasive  ventilator  thai  a\oiils  tlir  ((iiniilicalioiis 
of  intubation  and  its  inherent  risks.  The  //a.ieA  Oscillalor.  lor  the 
first  time  offers  medical  professionals  a  real  choice.  The  Huyck 
Oscillator  can  be  effectively  used  to  treat  acute  and  chronic 
respiratory  insufficiency  in  adult  and  pediatric  patients. 


\  secretion  "management"  program  on  the 
oscillator  achieves  superior  secretion 
mobilization  when  compared  to  conventional 
physiotherapy. 


The  Hayek  Oscillator  can  be  used  ci|uall\  well  in  the  hospital 
sub-acute  care  environment  and  in  the  home. 


•  Non-invasive 

•  Ventilates  normal  and  sick 
lungs. 

•  Improves  o.xygenalion. 

•  Quick  and  easy  to  use. 

•  Avoids  barotrauma. 


I'nnides  effective 

physiotherapy. 

Superior  secretion 

mobilization. 

May  shorten  hospital  stays. 

Cost  effective. 
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INTRODUCING 
3  NEW  Technologies  in  Arterial  Blood  Sampling 


NEW,  Advanced  ASPIR-PULSE    Syringe 


Patented  design  improves  filling  for  both 
Aspiration  and  Pu/sai\or\  techniques 


NEW,  Purge  Guard  ^ 

One-Handed  Safety  Needle  Venting  System 


Patent-pending  design  allows  OneHanded  operation 
to  immediately  Purge  Air  Bubbles,  immediately 
Guard  the  needle  point  and  immediately  free  the 
other  hand  to  apply  pressure  at  the  puncture  site 


NEW,  Total  Ca++  Lyte 

Precision  Heparin 


A  breakthrough  patented  heparin  to  maximize  the 
precision  of  test  results  obtained  from  the  new  critical- 
care  blood  gas  and  critical  analyte  analyzers 


See  your  Sherwood  Medical  O.R./Cntir.il  Cvc  Snies  Representative  or  call  1-800-325-7472  for  a  complete  listing  of 

ASPIR-AV/Zre"  Arterial  Blood  Gas  Kits 


OI994  Shefwood  Medical  Company 


ASheriuaDd 
MEDICRL 


Circle  104  on  reader  service  card 
Visit  AARC  Booths  533  and  535  In  Orlando 


